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GEORGES HAYEM (1841-1935 ) 


‘*The future be longs to hematology.’ ’—Ge Orges Tlaye m 


CAMILLE Dreyrus, M.D., Bosrox, Mass.* 


T IS A great honor for me to speak before your esteemed Society in com- 


memoration of the hundredth anniversary of a countryman who is called the 

father of hematology. His anniversary will not be celebrated in his fatherland, 
‘ : ° ° ° 

where an atmosphere of constraint and persecution compels the best of our pro- 


fession to a humiliating silence. There it will be impossible to praise Georges 
Havem despite all his contributions to the glory of his country. I am thus 
doubly fortunate to be able to express to vou my deep feeling of gratitude and 
appreciation of your hospitality. I should also like to offer my very good 
friend, Dr. Nathan Rosenthal, my sineere thanks for this opportunity to com- 
memorate Georges Hayvem. 

When, as a young doctor, | went to Paris for the first time, I attended a 
meeting of the Société médicale des hoépitaux de Paris on the Rue de Seine. 
Seated beside me was a little old man, his tanned face crowned with a snow 
white crop of abundant hair, with locks falling to his neck. He had a stiff little 
beard, a snub nose surmounted by gold spectacles; a vivid and piercing eye 
completed this remarkable head of a true scientist. I was deeply impressed by 
his appearanee, and it was not until later that I learned that this old man, who 
Was treated with great respect and deference, was Georges Hayem. 

The story of his life hardly lends itself to the dramaties of a romanticized 
life. It is earnest and straight as the life of so many seekers after truth, and 
it seems that he experienced his allotment of great emotions, sudden turns of 
fortune, joys, and disappointments in the laboratory, when a hypothesis became 
a truth, or when a new observation came to overthrow a truth of yesterday. But 
Wwe sre not qualified to judge. Under a calm and impenetrable mask sometimes 
unfolds a tormented existence; and a life of action is often but an escape from 

Research Fellow at Tufts College Medical School. 

\ided by a grant from the Dazian Foundation for Medical Research. 

Read at the meeting of the Hematology Journal Club, the Mount Sinai Hospital, New 

N. Y., November 26, 1941. 


895 


























~~ 






Vee Fee ere mm Comme & 






















856 THE JOURNAL OF LABORATORY AND CLINICAL MEDICINE 











personal suffering. I do not wish to have you believe for a moment that sueh 
was the case of Georges Hayem. However, I wish to indicate how frequent it 
is for people to take the seerets of their inner lives to their graves. Nevertheless 
in his life, it is obvious that there is nothing to remove it from the framework 
of a normal life. 

He was born in Paris, Nov. 24, 1841, the son of Simon Hayem, a successful 
businessman of the Sentier seetion, who had hoped that his son would succeed 
him. By some strange fate, Georges Hayvem preferred to be a student, and, 
perhaps by atavism, to choose a medical career. 

His family had preserved the portrait and the memory of an ancestor, 
Isaie Servus Ulman, who practiced medicine in Metz. Louis XV, at that time 
still called Louis the Well-Beloved, having accompanied the army in the War 
of the Polish Suecession, was seized in Metz with a bad case of dysentery. As 
the condition of the prince was growing progressively worse, the royal phy 
sicians, overcoming their prejudice, in desperation called in the Jewish doctor. 
Against every expectation, the remedies of Isaie Servus Ulman brought about 
a cure. In the midst of the delirious joy ushered in by this news to the entire 
kingdom, Hayem’s ancestor deemed himself happy to obtain as his reward an 
improvement in the conditions of the Jews of Lorraine. There is no doubt that 
such a family heirloom was largely responsible for directing voung Hayem 
toward medicine. 

Georges began his medieal studies in 1861. He completed a two-vear cours: 
in one vear; this was a remarkable achievement. In 1862 he received the high 
est honor in the examination for externship. He was admitted as an interne 
in 1863. He received the gold medal in 1867 from the Académie de médecin 
for his brilliant work. In 1872 he was aecepted as a physician in the hospitals 
and was licensed to practice. Seven years later he was named titular professor, 
and finally in 1886 he was eleeted to the Academy of Medicine. He was just 
45 vears old. 

The exceptionally rapid ascent cost Hayem many jealousies and grudges 
But he was not the man to bother with public opinion. He was sure of 
himself, conscious of his worth, and seldom, if ever, stepped aside from this lin: 
of conduct. Heneeforth, his life unfolds between his service at the hospitals 
and at home. He used to arrive early in the morning at the Saint Antoine in 
a fiacre. On entering his office he donned a simple white apron and a_ black 
velvet skull cap for ward rounds. He did not waste time in the exchange of 
civilities with his co-workers. He was rough and brisk and demanded mucli 
from others, as well as from himself. The students did not love him; they feared 
him. Much courage was needed to become his interne. 

Paul Bensaude told me to what extent Hayem was feared. His brusqu 
ness at first repulsed people, but at bottom this rudeness concealed timidity, and 
his closest associates knew that under this facade of brusqueness beat a heart on 
which one could depend. The fidelity they gave him is a touching testimony 0! 
their comprehension of this great man. 

The public liked him. The people of the Saint-Antoine district greetcd 
him with respect. His fame dates from the epidemie of cholera which ravaged 
Paris in 1870, during the siege. Hayem did not spare himself in caring 
votedly and courageously for the stricken. He noticed that a great number ot 
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the cholera victims died of dehydration. By intravenous injection of artificial 
serum, isotonic saline, or Hayem’s serum, he managed to save 30 per cent of 
his patients, a considerable number for the time. This suecess brought him his 
nickname, Doctor Cholera. 


Georges Hayem. 


Until his death Hayem remained the master who looks upon his associates 


as his disciples. Bensaude, of whose world-wide renown by virtue of his work 


In proctology I need not remind you, has, like many others, surrounded Hayem 


With filial devotion. A few days before his death, Hayem asked for a camphor 
injection, and requested Bensaude to perform it. Hayem thanked him, with 
this remark: ‘‘Bensaude, you still don’t know how to give an injection.” 
Bensaude was then 67 years old. 
In 1911, caught by the age limit, Hayvem had to quit service at the Saint- 
Antoine Hospital. In the course of his farewell address, at the moment when 
ust leave his laboratory and his associates, you perceive the soft murmur of 
sad life of the scientist whom others, more lucky than himself, have sur- 
d: 
‘I cannot complain,’’ he said, ‘‘I have studied and taught medicine during 
t century which shone with incomparable luster: the work of Pasteur, the 
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ascent of surgery, the discovery of serotherapy and radiology. This incessant, 
tumultuous growth of knowledge, ringing discoveries, is comparable to a rising 
tide that keeps on rising. How small one feels during the submersion! How 
fitting it is to be humble!”’ 

In his private life cruel experiences were in store for him. First he lost a 
daughter whom he adored. <A terrible malady overtook his wife. His older son 
was killed at Verdun. Later he lost his second son. To withstand implaeable 
destiny, only one daughter was left him, and the affection of his son-in-law, his 
erandehildren, and his pupils. 

On the sixth floor of his house at Auteuil, Havem furnished a workroom 
where, in his last years, he practiced a hobby, modeled medallions, and showed 
his skill at painting. 

It is impossible in the short time allotted me, to pass in review all the 
scientifie work of Georges Hayem. His publications are so numerous and diverse 
that we are forced to limit ourselves to hematology. But we must not forget 
that other fields, particularly that of gastroenterology, were strongly influenced 
by his research. 

Before launching on our selected subject let us mention, however, that his 
thesis for the doctorate was entitled ‘‘Studies on Diverse Forms of Eneephalism”’ 
(1868), and that of his two master’s theses, one treats of ** Bronchitis’’ and thi 
other of ‘‘Arachnoid Hemorrhages’’ (1872). 

What was hematology in France before Georges Hayem? This question 
has not until the present had the development it merits. To discuss this ques 
tion one must first descend to the obscure sources of modern medicine. Let us 
refer to two works, rarely cited, but which constitute in my mind the milestones 
on the narrow path leading out on the wide road of Georges Hayvem’s hematology 
The first work is entitled **The Medical Analysis of Blood,’? and was published 
by Theophile de Bordeu in 1775.) Only a pamphlet written in the style of the 
eighteenth century, it constitutes a brief opposing the pretensions of physics 
and chemistry to invade the field of medicine and to attempt to dominate it 
He does not admit that these accessory sciences submit the phenomena of life 
to their close scrutiny. He speaks of a certain group of physicians ** who elaim 
that blood is composed of globules which can be counted, but no one must object 
to the arbitrary count. They go so far as to imagine bursting globules, broken 
elobules, globules sticking together, as oceurs with glass globules.”’ 

And, for our edification and consolation, he adds: ‘Sensible men will not 
pay attention to this childish prattle.’’ Thus speaks the eighteenth century, 
opposing with its ironic verve the destiny of medicine. This is routine, mocked 
by Moliére and Montesquieu, which would hold back the advent of a new era. 

The second work which will help us form an idea of medicine before Hayem 
is entitled ‘‘An Essay in Pathological Hematology.’’ It was written by Gabriel 
Andral, Professor of General Pathology and Therapy at the Paris Medical 
School, Member of the Roval Academy of Medicine, and Staff Member of the 
Hopital de la Charité. It was published in 1843 by Fortin, Masson et Cie. 

This little treatise seems to me to be of considerable interest in the history 
of hematology. Here we find in a nutshell the opinion of the period of tratsi- 
tion from the eighteenth century medicine to the medicine of Georges Haye. 
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The ideas exposed in this booklet surprise us as much as they charm us. And, 
if Havem is the Father of Hematology, permit me to name Andral the Grand- 
father. 

I quote for you a few passages of this pioneer’s work : 

‘Until the present, direct observation of the blood has been invoked more 
rarely than reasoning. To cope with this problem, blood must be analyzed. 
Hematology will be in a position to gain valuable faets only when the blood of 
a great number of sick people will be submitted to a chemical investigation and 
examined under the microscope. 

but in order that MICroscopie analysis ot blood might vield truly 
useful results, one condition is indispensable: namely, that we first aequire an 
exact knowledge of the varieties of the physiology of blood. 

Because of our failure to make a preliminary examination of the 
physiology of blood, many erroneous assertions have been made in connection 
with the changes produced in the blood corpuseles by illness. [Tam not afraid 
to state that until the present no alteration in form or texture, whieh might be 
considered the result of the influence of a disease, was definitely found in these 
small bodies, and also that all modifications of aspect deseribed and other modi- 
fieations whieh were briefly mentioned result from the progressive destruction 
which they undergo in proportion to the length of time they are eut off froni 
the influence of life.”’ 

But aside from these considerations on methods, Andral had ideas on dis- 
eases of the blood. His notion, for example: 

_ and it is, in effeet, the great increase in number of the red corpuseles 
which establishes in the blood the characteristics of plethora.”’ 

Or this one: ‘*The blood cannot be deprived of a certain quantity of tts 
corpuseles without causing serious disturbances of the nervous system, which 
are translated by various disorders of intelligence, emotion and movement. ”’ 

And he adds what we understood only a century later: 

‘If the faets on this order were submitted to proper verification, they 
would doubtless prove of extreme importance, since they would demonstrate 
that the nervous system exerts a great influence upon the constitution of the 
blood, and consequently, in the same way, the blood, when it is altered, can 
modity nervous action. Thus, a disturbance of the nervous system is capable 
of altering the blood.’’ 

These sentences, which might have been written in our time, are the more 
ikable when we consider that Gabriel Andral had to struggle against his 
's, Who, he says, ‘‘rejected the microscope as useless, or feared it as a 
‘eof error.”’ 

Only a century ago there was a slogan of the ‘‘microscopie illusion,’’ a 
n whieh risked to push back for vears the coming of the scientific era 
edicine. 

in his textbook Cours de microscopie, Alfred Donné explains in a limpid 


Style the struggle he had to sustain to give the indispensable basis to medical 


sclelices in general, to hematology in particular. Here is what we read-—not 
Without emotion—in his book published in 1844: 
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‘For seven vears I gave myself up wholly to public teaching of microscopy 
applied to medieal studies. I founded this teaching at my cost, at my risks 
and _ perils. 

“T ean draw out satisfaction from my effort since it took place in_ the 
midst of the decadence of teaching, despite the indifference of the physicians 
and the obstacles thrown to the way by microscopic observation itself. Thi 
success obtained went beyond what my zeal and my convictions permitted to 
hope.’ 

And with a just pride he added: 

‘*My leetures, attended by a great number of French and foreign pupils, 
contributed to make the importance of the microscope understood and to win the 
interest and the confidence which it merits. I know what there is still to 
accomplish in diffusing the knowledge of the use of this instrument in medical 
practice, to popularize it, as it has to be. But by looking back to a_ half 
score of vears, by seeing the progress of this science, it is impossible to lack 
confidence in its future.’ 

‘*T applied,’’ he said, ‘‘the instrument to medical studies, the instrument, 
which was used habitually by botanists and entomologists.’ 

The work of this great and modest man, which an ungrateful forgetting 
leaves covered with a thick laver of dust in many libraries, merits to be 
remembered by those who eare for the becoming of the sciences. He was thie 
first, | am sure, who performed the idea of projecting the microscopic pictures 
hy means of an apparatus which he constructed himself to allow his pupils to 
convinee themselves of the reality of a world whieh the majority of the 
physicians of his time considered as an illusion. 

I found in the Collection of Reports on the Progress of Literature and 
Science, published under the auspices of the Ministry of Publie Edueation 
and edited in 1867 by the Imperial Printing Office, the echo of the memory of 
Gabriel Andral: 

‘*We must point out again as one of the titles of which Freneh medicine of 
our day may boast, the research in the field of liquid composition of the 
diseased organism. The appearance of the small volume entitled ‘An Essay 
in Pathological Hematology’ was a real event. This book .. has definitely 
hanished a seeular error and enthroned a great truth. It was not a question 
of admitting wherever possible alterations in the blood, but of demonstrating 
such changes, whenever they occurred.’’ 

[ realize that I have given much space to Theophile de Bordeu, Gabriel 
Andral, and Alfred Donné, but I think that their ideas shed more light than 
could a commentator upon the birth of hematology, upon the ‘*how’’ environ- 
ment created by the French clinic, which will permit a mind like Hayem’s to 
perfect that which his predecessors could only hope. 

Is it not marvelous to see how these men of random means, in a conserva- 
tive, even hostile environment, were able, by virtue of their courage ond 
perseverance, to conquer a field, fertilize it, and sow the seed. The harvest, 
in the work of Georges Hayem, proved beautiful and rich. 

The first findings of Hayem came to light at the time Louis Pastew 
revealed to the world his discoveries, demonstrating the reality of infect 
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and identifying microbes. It was the greatest event, the sensation of the 
eentury. As a corollary to this discovery, his collaborators studied the organ- 
ism’s defenses in the struggle against the microbe invasion. The function 
of the white corpuscles was discovered, and it was not at all surprising that 
they usurped the public interest. 

It was at this time that Hayem, somewhat apart from the fashion of the 
day, set out to build, stone by stone, the magnificent edifice of the red corpuscele. 
And his great work, ‘‘Of Blood and Its Anatomical Alterations,’’ which ap- 
peared in 1889, and which he proudly called ‘‘long original memoir,’’ will 
constitute for future generations a monument to contemplate with admiration. 
In 1878 he had already collected his hematologie publications in a monograph 
whieh may be considered as the first texthook on diseases of the blood. 

In numerous publications Hayvem describes the morphology of the red 
corpusele, normal and pathologic. He distinguishes between the artefacts of 
preparation and pathologie modifications. He created the idea of the color 
index. He discovered the third figurative element of blood, namely, the plate 
lets; he demonstrated their role in coagulation, a function which was falla- 
ciously attributed to the leucocytes. With marvelous elarity and precision, he 
explained the phenomenon of coagulation. He showed what profit could be 
derived from a study of coagulation for the differentiation of hemorrhagic 
diseases. He taught the notion of the prolonged bleeding time, and observed 
the retractability of the coagulated blood corpuscle and its nonretraetability 
in certain conditions. He prepared a solution, which to this day bears his 
name; this solution permits the preservation of the red blood cells without 
altering them for counting. After Potain and Malassez, he improved the hemato- 
logic technique. The list could be indefinitely extended, if I were not afraid 
of overstepping the limit of time granted me. At every instant, in the practice 
of treating diseases of the blood, we draw on his experience; at every step we 
utilize what we inherited from Hayem. 

But this heritage became classical and, therefore, anonymous. Many 
valuable procedures in hematology were introduced by Hayvem, but we have 
forgotten their origin as we have forgotten who taught us to walk. 

Aside from these questions of teehnique, physiology, morphology, we owe 
to Hayem elinical descriptions of hematologie disorders, which have retained 
their full value throughout years of progress. It is revealing to read with 
What care he took, and made others take, his clinical observations in order to 
find an explanation for them. We who walk over an explored earth ean hardly 
conceive of the difficulties and obstacles on the path of endeavor that this 
pioneer Hayem assigned himself. 

With an admirable clinical sense he treads his way through the hemorrhagie 
diseases. The hematology of purpura is almost entirely his work. He presents 


this nosologie group with exemplary clarity : 


|. Seurvy, characterized by etiological conditions in which it is observed. 
It is ‘ound among individuals who were subjected to an inadequate diet 
by t absence of certain essentials, and particularly those contained in 
ables. 
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“2. Hemophilia, a hereditary disease, characterized by a considerable 


diminution ot the coagulability of the blood, that is. the property of the blood 


to join in a mass outside the organism; and by producing abundant hemorrhages 
on the occasion of the slightest wound. 

‘*3. Purpura, ‘a symptom and not a ¢linical entity.’ The characteristies 
of purpura hemorrhagiea from the hematological point of view are: 

‘fa. The absence of appreciable anatomical modifications in the red 
corpuscles. 

‘bh. A considerable diminution of the number of hemoblasts or platelets 

‘¢. The lack of constant modifications of the white corpuscles, 

‘d. Normal coagulation time of the blood. 

‘e, Absence of the transudation of the serum, resulting from the loss 
of the property of contraction, which the normal clot possesses.” (Lessons on 
the Diseases of the Blood, 1900, page 532.) Later (page 588) Hayvem com 
plete this table with another sign: the prolongation of the bleeding time. Who 
would have guessed, I ask vou, that his notations were written a half century 
ago? 

In order to explain the pathogenesis of the purpura hemorrhagica, lh 
recalls his experimental observations, collected at the time of injecting the 
serum of a bull into a dog. **The svymptoms,’” he writes, “‘that oceur in does 
thus treated correspond exactly to those of the acute hemorrhagie purpura.” 

And he wonders whether it is possible that ‘‘under the influence of 
certain infections, toxie infections, or even simple auto-intoxieations or dis- 
turbances of the general diet, alterations in the serum appear, similar to thos 
that are brought about by the heterogeneous serum.’ 

You will perhaps reproach me for having quoted too much. But, in sub- 
mitting to vou all these texts, | wished to have vou share in my pleasure and 
admiration for the luminous and proverbially French clarity of the master. 
Besides, there is a pitfall to be avoided: 

The ideas of today, as of all times, are impregnated and supported }y 
aspirations, by notions barely formulated, common to our contemporaries, 
which create the atmosphere of a generation. Thus, all too often, in reading o1 
commentating the work of a forerunner, we have the tendeney to introduce into 
the thought of that author our own background, the subconscious plan of our 
own ideas; we let ourselves go, illuminating with today’s heht the landscape 
of Yesterday's Master. 

‘*An ardent reader,’’ wrote Michel de Montaigne, ‘often discovers in 
writings of others perfections which the author had not aecomplished or even 
noticed.’ 

In order to avoid the risk of an interpretation of this type T have let 
Georges Hayem speak for himself. You are the judges. 

The importance of an author, said our André Gide, is contained not only 
in the value of his work, but also in the opportunity of his message. Georzes 
Havem’s message was certainly timely. Andral was still maintaining that blood 
was nothing but ‘‘liquid flesh.” But Hayem knew that to describe the diseases 
of the blood, he had to describe the diseases of the hematopoietic system. Here 
is the grand idea formulated: ‘*Very often,’’ he says, ‘‘there are presen! in 
anemia cases, sensitive modifications of the hematopoietic svstem, and ‘ot 
merely functional disturbances.’’ 
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The framework of anemia which he traces has lost nothing of its actuality. 

‘1. Diseases caused by hematopoietic disturbances, characterized essen- 
tially by anemia. 

‘2. Anemias caused by loss of blood. 

‘3. Diseases resulting from a hyperplastic or neoplastic lesion of the 
hematopoietie organs. Leukemia and pseudoleukemia. 

*Toxemia. Saturnine Anenia.”’ 

One finds in the body of his memoir, as he ealls it, ideas which not 
only answer the needs of his own time, but whieh also constitute as Montaigne 
remarks, “‘food likely to nourish divers hungers of successive generations. ”’ 

This one for example: 

‘Blood and serum possess specific properties as to species, the idea of 
the speeies being all-important; it will be painful to see it substituted by 
the idea of toxieity.”? 

Or this idea, expressed in a discussion of the nature of pernicious anemia: 

‘*Pernicious anemia... is anemia in those who, while taking the necessary 
food, have become ineapable of assimilating it and extracting from it the 
necessary materials for the reparation of the blood.”’ 

Or this one: ‘*The presence of red corpuseles with nuclei will faeili- 
tate the diaenosis of leukemia; with reference to this, we reeall the ease of 
a ten-month-old baby suffering from leukemia, whose blood contained a great 
number of these corpuseles, although the number of white corpuscles was hardly 
greater: than 30,000. ”° 

Others before Hayvem have suecesstully delved into hematologie problems, 
but I do not find it necessary to discuss to whom it is proper to attribute 
priority in conceiving one method of investigation or another for the deserip- 
tion of a given technique. Every conception, every description will carry the 
personal imprint of the author. And what counts is the echo, the determining 
influence upon posterity. There will always be historians who discover the 
forerunners of men of genius. 

While rendering respectful homage to other French pioneers of elinieal 
hematology, Potain, Malassez, See, Vidal, Gubler, to cite only a few, we must 
realize that in this admirable phalanx, trom the point of view of hematology, 
the work of Georges Havem dominates from a ereat height, and his is the work 
that has prevailed. No clinician or investigator before him had, on the whole, 
as complete and comprehensive a view of the disorders of the blood. 

Jolly said of Louis Malassez (and it could well be said of others) that 
he evoked in us the memory of men of a race almost extinet, of those artisans 
of the Middle Ages and the Renaissance, who, in the shadow of their workrooms, 
spent their lives perfeeting and polishing some masterpiece with their own 
hands. 

(ieorges Hayvem, on the contrary, is of another mettle. Surrounded by 
pupils soon to become masters in their own right, he taught at the bedside of 


the sick or in the lecture room. He had this divine gift of the true professor 


to Communieate, to transmit a brilliant synthesis of the past, together with 
his own discoveries and those of his contemporaries. 

ls this not a sufficient reason for considering his hematology a unit filled 
With his ‘‘spiritual energy,’’ kneaded with his own hands, as his original and 


perscnal masterpiece ? 
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If many problems in hematology have changed in aspect, if we now hold 
different opinions from Hayem’s on many questions, having at our disposal 
better means of investigation, it does not detract from the immensity of his 
work. He created the hematologic elinie, while hematology might have become 


and remained a pure morphologic¢ science. As his own anatomopathologist he 


became the first hematologist. 

He showed that, if the clinic without the laboratory is often an uneer- 
tainty, the laboratory without the clinie is always a danger. 

Providence has put him in the right place by assigning to him a place in a 
elinie. Providence did better than could have done the secret wish of Hayem 
himself. Did he not wish to become the successor to Claude Bernard ? 

Who knows whether the brilliant synthesis of clinie and laboratory would 
have been evolved? For the strength of Hayem does not lie in abstract specula 
tion (toward which he was driven by some secret longing in his soul), but in 
constantly confronting and correcting the soul’s vision by elinieal reality. 

Rarely did a man have such clear, such precise vision of the highway that 
medicine would bestride. Hayem is a descendant of the prophets of Israel 
when he evokes in a stirring allegory his medicine at the crossroads. IT eould 
not forgive myself if I did not read it to you in part. 

‘*Visualize the heads of our School, the eminent clinicians who are the 
honor of French medicine, as travellers who have walked for a lone time and 
who, at the moment they believe they had come to the end of their tirine 
journey, about to take a_ well-deserved rest, suddenly see looming in_ their 
path a steep mountain. In their wake they have brought an army of pupils 
whom they have guided on this road. They are stopped as if by a_ barrier. 
These travellers, completely tired out, halt, but not all of them feel the 
same way about it. Up on the mountain, whose summit is invisible, a few men, 
taking a wholly different road, carry a flag and make signs of encouragement. 
Our travellers install themselves in the valley, and some say, ‘We shall not 
vo any further; the horizon we shall be able to see from here is sufficient 
for us. You who are young, climb on, follow these sturdy pioneers, and come 
back to tell us of the marvels you will encounter in their wake. We are sorry 
we have no more strength to complete this long and arduous journey.’ Still 
others, luckily fewer in number, are prone to be skeptical and mocking. ‘This 
road is not ours,’ they say. ‘This mountain is shrouded in clouds. You will 
be making a useless ascent. You will be like those excursionists who, upon 
reaching the summits of the Alps, are dazzled by the resplendent sun, and 
see nothing under their feet, the ground being hidden in opaque clouds.’ 

‘‘At that time,’’ he continues, ‘‘I was still among the young. My principal! 
master was Vulpian, a standard-bearer, as remarkable a scientist as he was a 
clinician, an indefatigable worker who fell like a soldier on the battlefield. His 
hand pointed in the right direction. I could not hesitate. 

‘*T thus continued on my way, but sought a path to my taste. Leaving my 
old masters in the valley, I did not wish to take new guides, and soon I was 
no longer disdained for being somewhat apart from the great road where (lie 
voung were crowding, the newcomers, elbowing one another, stumbling over oie 
another’s heels. 
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“These joyous companions, gleefully climbing the mountain which had now 
hecome easily accessible, do not realize, having left the base, that the men 
of my generation needed a certain courage to undertake its ascent.’ 

And he concludes: ‘*The exeursion is far from completed. To teach 
medicine in our day is to continue one’s education. Isn’t that what constitutes 
the incomparable charm of our profession ?”? 

Hayvem died at the age of 94. He was spared the sorrow of seeing his 
country in misery, his compatriots in distress. He was spared the humiliation 
of having the ‘tius civitatis sine suffragio et honore’’ applied to himself, seeing 
himself excluded from the French community because he was a Jew. Ile was 


spared the humiliation of being dismissed from the sehool, and from the 


Academy to whose renown he had devoted all his laborious life. He did not 
have to suffer the humiliating insults of the laws of discrimination. But what 
matters the decrees of an ephemeral government in the face of Havem’s genius? 

I think Hayem would have found it sweet and satisfying to know that in the 
United States, where admiration for his work is so whole and sincere, there 
are united this evening men without prejudice, ardent defenders of liberty 
and human dignity, who are thinking of him with love and respect. He 
would have found it sweet and satisfying to know that he would have had among 


these men, on this hospitable soil, a second Fatherland. 
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CLINICAL AND EXPERIMENTAL 


THE POLYCYTE* 


Eric Ponper, M.D., D.Sc., Minrtoua, lh. 


iy IS generally recognized that the figures for Cooke's) polynuclear coun 


(Cooke, 1914) are related to the life history of the polymorphonuclear in the 
blood stream. In making the count 100) polymorphonuclear leucoeytes are 
erouped according to the number of lobes in the nucleus of each; ‘if there is 
any band of nuclear tissue except a chromatin filament connecting different 
parts of a nucleus, the nucleus cannot, for the purposes of the polynuclear count 
be said to be divided, ”’ This is called (Sooke 's eriterion, and distinguishes the 
polynuclear count from the Arneth count, from whieh it is derived. The count 


is then expressed (taking an average normal count as an example) : 


I ITI lV \ 
12 2% +4 1h 4 


Multiplying the number in class | by 1, the number in e¢lass TL by 2, the number 
in Class IIL by 38, and so on, and dividing by 100, one gets the mean for the 
count, in this case 2.74. The significance of the figures in the various classes 
lies in the fact that it has been shown that the cells of class | are voung cells 1 
cently derived from the marrow, that increasing lobulation occurs during tli 
lifetime of the polymorphonuclear leuecevte in the blood stream, cells of elass 1 
hecoming cells of Class I], cells of class I hecoming cells of class 11, and SO On, 
and that the cells of the higher classes, IV and V, are preferentially removed 
by death (Cooke and Ponder, 1927; Ponder, 1926a, 1926b, 1927; Yeager and 
Haterius, 1929; Climenko, 1931; Climenko and Ponder, 1984). The normal 
state is represented diagrammatically in Fig. 1, the arrows indicating the « 
livery of young cells from the marrow, the removal of old cells by death, and 
development from ¢lass to class. The ‘shift to the left,’’ characteristie of mat 
row stimulation, results from an increased production of voung polymorphonu- 
clear leucocytes from the marrow, as in acute infections, or from an increased 
death rate in the higher classes, as in chronie tuberculosis (Ponder, 1927). 
successive classes are shown as unequal in length beeause a cell stays in elas 

a shorter time than in class I], in class I] a shorter time than in elass IIT, and 
so on. 

In 1927 Cooke deseribed a type of polymorphonuclear leucocyte for which 
it is difficult to find a place in the scheme. It is unusually large, and its nucleus 
is hypersegmented, sometimes having as many as from 6 to 12 lobes. Cooke gave 
it the name of macropolyeyte, and subsequently classified maeropolveytes into 

*From the Nassau Hospital, Mineola. 


This investigation was carried out under a grant from the Simon Baruch Foundatiot 
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three types. Type [ oceurs very rarely in health,* occasionally in infection, 
and in states where there is a marrow reaction, in experimental anemia in the 
rabbit, and in pernicious anemia. Types I] and TIL resemble megakaryocytes 


and are found in pernicious anemia. 


Plate I.—J/, Polycyte from Case 1, corrosive fixation; 2, polyeyte, Giemsa: 3, macropoly- 

from Case 3, Giemsa; 4, polyeyte from blood of guinea pig; 5, propolyeyte (note the two 
small lobes attached to the third large lobe), Giemsa: 6, propolyeyte, Giemsa. (Magnifiea- 
O44.) 


POLYCYTES AND PROPOLYCYTES IN INFECTION 


In acute infection, because of the concomitant marrow stimulation and 
the delivery of large numbers of young cells into the blood stream, the polynu- 
clear count shows a large number of cells of class 1 and a left-handed deflection. 
As the cells of class I develop into cells of class Il, and so on, the polynuclear 
count shifts to the right, and it is usually under such circumstances that I have 
observed the cells which I call polyeytes and propolyeytes. 

1. Polycyte—This is a polymorphonuclear leucocyte of the usual size, 10 
fo 14 » in stained films,t but with a hypersegmented nucleus possessing from 
6 to 12 lobes (Plate 1). The lobes are often widely separated and joined by 


long chromatin filaments. One gets the impression that the lobes are unusually 


: No macropolyecytes were observed in the blood of 90 persons who formed the basis of 
Cook: nd Ponder’s (1927) average normal polynuclear count. Cooke subsequently found one 
mact ilyeyte in one person, and reported to Kennedy that he had seen one in another healthy 
perso? Kennedy and Mackay (1937) reported 9 in a series of 690 healthy males living in 
Iraq, ond as many as 21 in 487 cases of leprosy, phlebotomus fever, and malaria. 

The size of the polymorphonuclear leucocyte in stained films depends very much on the 
meth« of fixation. Most of my material was stained by Giemsa after methyl alcohol fixation, 
but corrosive sublimate fixation and Heidenhain’s iron alum is preferable for the study of 
bolye s and propolycytes. The cells are distinctly larger after corrosive fixation. 
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small, and some of the lobes may be very small indeed, looking like buds trom 


larger lobes and connected to them by fine chromatin filaments.* 

One frequently sees in polyeytes an arrangement shown diagrammatically 
in Fig. 2 A, in which a fairly large lobe is joined by a chromatin filament to a 
very small lobe, which in turn is joined to another large lobe by another fila- 
ment, apparently a continuation of the first. The separation of two pieces of 
nuclear material with a small piece left between them reminds one of the fa 
miliar Plateau’s spherule, a very small drop of water which is formed between 
two larger drops as they separate (Edser, 1933) and which, when it occurs in 
a viscous fluid, is related to the phenomenon of **beading’’ in threads. It must 
be borne in mind that when two nuclear lobes separate, they do not move apart 
of themselves, but are drawn apart by some force, possibly the forces resulting 
from their movements through the fluid surrounding them. Given the proper 
relations of surface tension and viscosity necessary for beading, the appearance 
of the small lobe in the line of the filament joining two larger lobes is to be 
expected, and in this connection it may be observed that the appearance ot 
polyeytes is often associated with an amoeboid appearance of the polymorphonu 


clear leucocytes, as if their evtoplasmic viscosity were reduced, 


























Fig. 1.—Diagrammatic representation of the life history of the polymorphonuclear leucocyte. in 
the blood stream. For explanation, see text. 


One also sees an arrangement, such as is shown in Fig. 2 B, in which one 
lobe is connected to two others by a branched filament. It is difficult to see how 
this can come about during the process of segmentation of the nucleus, and the 
possibility must be considered that the branching may be nothing more than an 


appearance, the ‘‘branches’’ being really two separate filaments lying close. to- 


eether for some distance from the lobe of origin. The filaments are so fine th: 
two of them lying side by side may be impossible to resolve; nevertheless, there 
is often seen a barely recognizable speck of material at the junction of 
branches, and the part of the filament which branches does not seem to 
thicker than the filaments which proceed from it. 


*In Osgood and Ashworth’s Atlas of Hematology there are two cells which resemble t] 
described in this paper. No. 84 (neutrophile lobocyte) has 7 lobes and is from a cas 
myelogenous leucemia. Osgood says that some authors believe that such cells occur onl 
pernicious anemia and use this as a diagnostic criterion, but that they are also found in g1 
locytic leucemia, and occasionally in conditions in which the rate of leucocyte destructio! 
reduced. The cytoplasm is bluer than in the typical polymorphonuclear leucocytes, i.e., 
like that of the “‘toxic’’ neutrophile as described by Osgood. No. 85 is from a case of perni 
anemia. Osgood describes this as the same as Cooke’s macropolycyte, although the ‘ma 
element is missing (the size is 15 by 12u4, while that of a normal polymorphonuclear leuc: 
at the upper limit of size, No. 83, is 15 by 154). Osgood suggests the term polylobocyte, 
says that the size of such cells is often larger than that of the typical polymorphonuclear 
cocyte. Since the distinguishing feature of Cooke’s macropolycyte, type I, is its size, this illus: 
tion (No. 85 of the Atlas) is probably one of what I call a polycyte. Cooke’s macropolycyt 
type I would be similar in appearance, but larger (20 by 20). 
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In my experience polyeytes are found in about 10 per cent of cases in which 
there has been a left-handed deflection of the polynuclear count followed by a 
ecommeneing right-handed shift, i.e., at the stage of commencing recovery from 
a marrow stimulation. The following cases illustrate their appearance. 


Case 1—Traumatic amputation of arm and leg. Shock. Overwhelming toxemia from 
tissue injury. Patient died. 
AFTER ACCIDENT 
5 HR. IS HR. 
White blood cells per cubic millimeter | 31,900 5,600 
Polymorphonuclear leucocytes per cubie mil-| 30,000 1,050 
limeter 

Polynuclear mean : 1.40 
Polyeytes, per cent Propolyeytes 


Case 2.—Pulmonary tuberculosis. Thoracoplasty. Patient recovered. 


BEFORE AFTER OPERATION 
OPERATION 12 HR. 24 HR. 
White blood cells per cubie millimeter 19,978 21,500 21,125 
Polymorphonuclear leucocytes per cubic mil 14,600 18,900 17,900 

limeter 
Polynuclear mean 1.86 .38 4 
Polycytes, per cent 0 


Case 3.—Perforated duodenal ulcer. Shock. Operation ten hours after perforation. Pa- 
tient recovered. 


BEFORE es i 
OPERATION 19 HR. 6 DAYS 


AFTER OPERATION 


White blood cells per eubie millimeter 372: 13,000 10,775 z 
Polymorphonuclear leucocytes per cubie mil ae 11,700 10,100 
limeter 
Polynuelear mean ioe 1.54 
Polyeytes, per cent é }, and 2 maecro- 
polyeytes 


2. Propolycyte—This is a polymorph of the usual size, characterized by 
a nucleus with several lobes, but of a quite unusual degree of complexity. These 
cells have, indeed, all the characteristics of polyeytes, except that their nuclei 
are not sufficiently hypersegmented. The arrangement of the nuclear lobes, how- 
ever, is like that seen in the polyeyte; the lobes are often small and joined by 
conspicuously long chromatin filaments, and with respect to one another they 
lie in patterns not seen in the typical polymorphonuclear leucocyte. Some 
examples are shown in Plate I. 

In health typical propolyeytes are rarely seen, but between them and the 
typical polymorph there exists a whole series of forms, usually referred to as 
“complex forms’? (Ponder and Flinn, 1926). Certain apparently normal per- 
sons show few polymorphonuclear leucocytes with three, four, and more nuclear 
lobes, and yet have a great many complex forms which have to be grouped in 
classes I and II if Cooke’s criterion is adhered to strictly. The same condition 
is niet with in certain animals.* 


: In the mouse the polymorphonuclear leucocytes are complex forms, although by Cooke's 
criterion, they fall into classes I and TI. In the guinea pig, cells with as many as 10 lobes occur, 
and the polynuclear mean is about 5.0. In some of the marsupials, e.g., the wombat, the mean 
IS a igh as 5.0 if all cells with more than 6 lobes are considered as cells of class VI, It would 
be still higher if proper weight were given to cells of the higher classes. 
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In conditions of abnormal marrow activity propolyeytes occur under thi 
same conditions as do polyeytes, and are almost certainly a stage in the develop 


ment of the latter. Thus in Case 1, above, propolyveytes preceded the appea 


ance of polveytes, just as in Case 3° polveytes preceded the appearance oi 


macro] oly CYUES. 


\ CASE OF THE DEVELOPMENT OF POLYCYTES IN VITRO 
The phenomenon of polyeyte development in vitro deserves a detailed «i 
scription because the possibility of its occurring has not hitherto been suspected 
The blood was that of a man, aged 538 vears, who later had a partial gastrec 
tomy performed for ulcer. In heparinized venous blood withdrawn at 1:20 Pom 
on Feb, 26, 1941 (a week before operation), he showed a total white blood cell 
eount of 13,875, with 96 per cent polymorphonuclear leucoevtes, and a polyvnu 
clear count of 
I I] IT] IV \ 
10 38 +4 6 2 


with a mean of 2.52. For a reason entirely apart from the subjeet of this 


paper, films were made on both slides and cover slips at 2:50 p.m., 4:00 Pom, 
and 6:15 p.m., during which time the small bottle containing the heparinized 
blood stood on the laboratory bench at a temperature which varied between 22.5 
(. and 22.7° C. Subsequent counts on the stained films showed polyveytes in the 


following numbers: 


NO. ON COVER MEAN NO. 


NO ) S| (Ss 
.O, ON SLIDES SLIPS IN 400 


1 in 400 
in 400 


in 400 
in 400 
in 400 
in 400 


in 400 1 in 400 
in 400 GO in 400 
in 400 
in 400 
In 400 
in 400 


The most convenient way of deciding whether or not the numbers found at 
the various times ean be accounted for by variations in a random sample is to use 
a method employed in testing defective production of materials (American So- 
ciety for Testing Materials: Manual on Presentation of Data, Section 17). The 
mean number of polyeytes (5.57) and its standard deviation (+2.34) are cal- 
culated for the 5,600 cells counted, and the distribution of the polyeytes, 
lines marked for the mean number and for 26, 386, ete., are plotted in Fig 
The odds for points lying between the 2o lines are 20 to 1 or better that 1 
are the result of random sampling of one uniform population of 5,600 cells, 
odds corresponding to 30 about 300 to 1, to 4a, 10,000 to 1, and so on. 
odds that 19 polveytes would be found in a sample of 400 cells taken at random 
from the blood under consideration are those corresponding to 5.76, or about 
1 in a hundred million. 
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Looking at the figure, the trend toward larger numbers of polyecytes at the 
later times is apparent, and the solid central sloping line is that of the equation 
N 1.82t + 1.5, drawn by the method of least squares. On either side of. it 
are two parallel lines for twice the standard deviation (41.46) of the points 
about this line. All the points lie between these two lines, except the very high 
point (N 19) at 6:15 p.m. and the two low points (N 1) at 2:30 p.m. Even 
in the case of these three points the deviation is in the right direction: hence 
the trend is a real one. 


a B 


A. 


Fig. 2.—Diagrammatic representation of two polymorphs, one showing a small lobe (P) between 
two large lobes, and the other showing a branched filament B. For discussion, see text. 


This is the only case in which I have followed an in vitro development of 
polyeytes in sufficient detail to be certain of it, but on several occasions I have 
observed (without statistical proof) an in vitro increase in the number of 
propolyeytes. The process is all the more remarkable in view of the difficulty 
encountered in showing any development from ¢lass to class in the blood stream 
of the normal animal (Climenko and Ponder, 1934). Finally, reference should 
he made to an observation (Ponder and MacLeod, 1988) in which, on one oceasion, 


the blood stream of a rabbit injected with nucleie acid became flooded with 
macropolveytes within two hours. 
DISCUSSION 
It is apparent that the propolyeyte, the polyeyte, and the macropolyeyte 
have a place in any scheme which describes the maturation of the polymorphonu- 
clear leucocyte, and also that the present scheme (Fig. 1) requires some essential 
modification. I worked out this life history in 1926 by observing the effeet of 
thyroid injections on the polynuclear count in rabbits; the progressive develop- 
ment from class to class was demonstrated, and the whole development from 
class I to class V was found to take from two to three weeks (Ponder, 1926). 
This result was confirmed, in general, by Ponder and Flint (1927, deflection with 
various drugs and extracts, including nucleie acid); Kennedy and Grover (1927, 
deflection with x-rays); Kennedy and Thompson (1927, deflection by ultraviolet 
light); Charipper (1928, deflection by thyroid extract in Necturus); Danzer 
(1930, deflection by tissue extracts) ; and Climenko (1930, deflection by ergos- 
terol and ultraviolet light). In all these cases it was found that the polynuclear 
count returned to its original steady state after from fourteen to twenty-one 
days. All these experiments were on rabbits. 
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MacLeod and I have recently found that the production of sterile peritoneal 


exudates in rabbits results in a deflection of the count, and that a return to the 





original steady state takes about seven days, while the return takes only about 





four days when the deflection is the result of the injection of nucleic acid (1 mg. 





per kilogram). We explained this on the basis that the polynuclear counts in 





the rabbits we used were more left handed than those of the animals in the 
experiments conducted from 1926 to 1930, but the fact is that the time required 






for a return to the steady state is more variable, and often shorter, than the earl) 






experiments indicated. 
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Fig. 3.—Number of polycytes plotted against time. For explanation, see text. 






















The simplest way of reconciling these various observations is to suppose that 
the rate of maturation of the polymorphonuclear leucocyte, as measured by the 
lobulation of its nucleus, may vary. Cooke (1934) did not consider this pos- 
sibility specifically in his two suggested explanations for the presence of macro- 







polyeytes, the first being an escape from the destructive processes which usually 
dispose of the cell at the stage of class IV or V, and the second being an altered 
development due to exposure to an abnormal environment during early develop- 







ment. This second suggestion might cover an inereased rate of lobulation. 






I have considered the converse situation, a decreased rate of maturation, in con- 
nection with the steady state in chronic infections, and have dismissed it as 
applying to that state (Ponder, 1927). An increased rate of passage from class 







to class, however, would obviously account for the appearance of polyeytes and 





their predecessors, propolycytes. This is what appears to occur in about 10 






per cent of the type of case referred to above, and in some eases segmentation 1S 





so rapid as to produce polyeytes within a few hours. 






It should be borne in mind, however, that the macropolycyte of Cooke is 





unusual because of size as well as hypersegmentation (which may or may not 





be present in macropolyeytes of types II and IIT; Cooke, 1934). This element 






of size, without the hypersegmentation, appears in the polymorphonuc 
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leucocytes of rabbits with sterile peritoneal exudates and after the injection 
of nucleic acid (Ponder and MacLeod, 1988), whereas it is more usual in cases 
of infection to find the appearance of the element of hypersegmentation without 
that of size. Two factors thus seem to influence the development of the poly- 
morphonuclear leucocyte in the blood stream, and these may operate while the 
cell is in its early stages, perhaps as early as the stage of the hemocytoblast : 
the factor for segmentation, and the factor for size. The former is involved in 
the production of propolyeytes and polyeytes; the latter, in the production of 
the kind of polymorphonuclear leucocyte found after peritoneal exudates and 
the injection of nucleie acid in the rabbit. Both, acting together, are involved 
in the production of macropolyeytes of type I. 

The idea of a change in the rate of maturation of the polymorphonuclear 
leucocyte may be applied to the regional and seasonal variations in the polynu- 
clear count described by MacLeod (1935, 1988), and to the unusual degree of 
segmentation found in the polymorphonuclear leucocytes of some animals, such 
as the guinea pig (Curphey and Ponder, 1941) and the wombat (Ponder, Yeager, 
and Charipper, 1928). The extraordinarily rapid return of the polynuclear 
count in the guinea pig to its initial steady state after a deflection produced 
by nueleie acid is strong enough evidence that the life history of the poly- 
morphonuclear leucocyte in this species is different from that of the rabbit and 
of man, 

SUMMARY 


1. This paper discusses the relation of two types of polymorphonuclear 
leucocytes, the polyeyte and the propolyeyte, to the typical polymorphonuclear 
leucocyte on the one hand and to the macropolyeyte on the other. Polyeytes and 
their precursors, propolyeytes, are characterized by hypersegmented or complex 
nuclei, but are of the usual size (about 15 » diameter). 

2. Polyeytes and propolyeytes are probably the result of an increase in the 
rate of maturation of the polymorphonuclear leucocyte, and a case of their 
development in vitro is described. 

3. These cells make their appearance in about 10 per cent of cases with acute 
or chronie infection, usually when the polynuclear count is returning, or about 
to return, to its normal steady state. In general, they are of favorable prognostic 
significance, and their appearance in states of infection suggest that under such 


circumstances the rate of segmentation of the polymorphonuclear leucocyte may 


be markedly inereased as a result of factors acting on the cells at some earlier 
of their development. 
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RECOVERY FROM EXPERIMENTAL POLYCYTHEMIA* 
KLIZABETH LOWENHAUPT, M.D., SAN FRANCISCO, CALIF. 


P' ILYCYTHEMIA is generally conceded! to be due to increased bone marrow 
activity. However, in 1929 Goldbloom and Gottlieb? in their studies on 
icterus neonatorum reported increased serum bilirubin and raised icterus indices 
in guinea pigs returned to normal atmospheres after being made polyeythemic 


by exposure to low atmospheric pressures. This, apparently, confirmed observa 


tions on hemolysis of blood in plethora due to transfusion® and seemed to in 
dicate a regulatory, hemolytic control of the level of circulating ervthroeyvtes. 
It would suggest that a derangement of this mechanism is a requirement. for 
chronic polyeythemia vera. An attempt was made to study the site of this 
hemolysis, but the report indicates failure to verify the fundamental observation 
of Goldbloom and Gottlieb. 


METHODS 


Twenty-one male guinea pigs, weighing 550 to SSO) Gm., were used. 
Erythroeyte counts, hemoglobin in grams (by Evelyn photoelectric colorime- 


ter*), and reticulocyte counts (brilliant cresyl blue on dry smear) were made at 


the outset, blood being obtained by pricking a small ear vein. The animals were 





then placed in the low pressure chamber, where the pressure was reduced gradu- 
ally over the first week to 350 mm. He below atmospheric pressure, 1.e,, 410 mm. 
He, corresponding to an altitude of 16,000 feet®? and maintained at this level 
for the ensuing two weeks. The apparatus was that described previously... The 
animals were removed daily for perhaps fifteen minutes for cleaning of the gi 
chamber and introduction of fresh food, and weekly for about an hour for the ia 
above blood determinations. At the end of this period the animals were returned D 
to atmospherie pressure, hematologic determinations were made, one anima! of ™ 
each group was killed as control, and the remainder were sacrificed in series dtu- i 
ing the next week, or during longer time in a few eases. Blood studies were fe 
made every forty-eight hours on the whole group, or just before death when one lis 
animal was killed on an alternate day. About 5 ¢.c. of blood for bilirubin ce- m 
termination were withdrawn by cardiae puncture, after which the animal was re 
*From the Department of Pathology, Stanford University School of Medicine, San n- er 
e1sco., 
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killed and the spleen, liver, and femoral bone marrow were removed. The spleen 
was weighed fresh, and sections of spleen and liver were fixed and stained for 
iron. Sections of bone marrow were stained by Giemsa’s method. Bilirubin 
readings were made on the Evelyn photoelectric colorimeter by the method given 
by Malloy and Evelyn." 

Since Goldbloom and Gottlieb removed 0.5 ¢.¢. of blood every forty-eight 
hours, it was thought that the reticulocytosis dependent on chronic blood loss 
might have contributed to hemolysis in their experiments. Accordingly, 5 guinea 
pigs were so treated at low atmospheric pressure. It was also considered pos- 
sible that their pigs had a larval anemia due to diet, so that 4 guinea pigs were 
placed on the diet deseribed by Jacobson.’ These animals responded to low pres- 
sure as did normal controls, previously observed.> 
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Fig. 1 Averaged responses of 16 guinea pigs. Those on the diet responded as did normal guinea 


pigs. Hemoglobin values were parallel to red blood cell counts and are not shown, 


RESULTS AND DISCUSSION 


lt is seen that in all types of experiment the red blood cell count and hemo- 


globin were sharply elevated in response to low pressure. A reticulocyte peak 
eccurred somewhat before the peak of this response. Upon return to normal 
presstire red blood cell count and hemoglobin fell gradually to normal, preceded 
by a deerease of circulating reticulocytes. These results are shown in Figs. 1 
and 2. The experiment was terminated too early to observe the anemia de- 
cribed at about one month in guinea pigs by Gordon and Kleinberg,’ and in rats 
by T.ler and Baldwin.” The bone marrow from marked hyperplasia became 
more jwiescent, a few fat vacuoles becoming evident in section, and circulating 
reticulocytes practically disappeared, except after chronic blood loss, while 
erythrocytes and hemoglobin levels were still elevated. At no time was any in- 
crease in serum bilirubin demonstrable. The spleen and liver showed no histo- 
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logic iInereased iron content during recovery. No quantitative urobilin excretion 
studies were undertaken, since the more easily obtained and negative evidence 
was considered to preclude the necessity for this. No explanation is offered as 
to why none of the animals showed the rise in serum bilirubin which Goldbloom 
and Gottlieb observed in similar experiments, and whieh they interpreted: as 


explaining ieterus neonatorum, 
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Fig. 2 \veraged responses of 5 guinea pigs bled every forty-eight hours. Hemoglobin values 
were parallel to red blood cell counts. 





This ** physiologic’? icterus has presented an interesting problem, beyond 
the SCOPeC ot the present discussion, (ioldbloom and Ciottheb"™ considered it due 
to increased fragility of infants’ blood, dependent on high per cent of reticulo- 
evtes, which cells they thought particularly fragile. However, increased fragility 
of the blood of the newborn or of reticulocytes was verified neither by Whitby,”° 
using precise methods, nor by Mitchell." The latter found bilirubin raised at 
birth and abundant iron in the placenta, but none in the retieulo-endothelial 
system, this iron appearing later. He concluded that the process producing 
bilirubinemia must start before birth. A possible explanation of this process 
is afforded by Bareroft,’* who showed that fetal hemoglobin has a different 
dissociation curve, with a slightly greater affinity for oxygen than that found 
after birth. This observation is corroborated by chemical analysis and_ by 
spectroscopy.’ A process might occur whereby fetal hemoglobin is replaced 
by an adult type, excess iron being eventually stored in liver and_ spleen. 
Waugh, Merchant, and Maughan'’ have recently reviewed this subject and have 
shown that in the newborn, in whom there is normally accelerated blood ce- 
struction, there is no correlation between the rate of fall of blood levels and | he 
degree of bilirubinemia. They consider their evidence consistent with a hep:tic 
origin of the icterus. At any rate, icterus neonatorum and normally rapid blood 
destruction in the newborn are not examples of a reaction which in adults n 
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cause bilirubinemia after previous exposure to low oxygen tension, Acceleration 
of blood destruction or rise in serum bilirubin has not been demonstrated in adult 


mammals changed from low to normal oxygen tension, 
CONCLUSIONS 


In the guinea pig recovery from polyeythemia induced by low atmospheric 
pressure appears dependent on subsidence of increased bone marrow activity 
rather than on excess peripheral destruction of erythrocytes. No rise of serum 


bilirubin was found, even in animals in which blood regeneration had been 


altered by bleeding or by special diet while at low oxygen tension, 
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STUDIES ON VASODILATATION TESTS IN PERIPHERAL VASCULAR 


DISEASE* 


ABRAHAM GooTNIcK, M.D., GAMLIEL SALAND, M.D., CHARLES KLEIN, M.D., AND 
HeRMAN ZurRRow, M.D., New Yor«, N. Y. 


Hk facet that functional states may simulate organie involvement of the 


peripheral arterial tree has long been recognized. This has led to the de 


vising of various tests for differentiating organic narrowing or occlusion o 
peripheral vessels (a permanent, nonreversible change) from narrowing due to 
vessel spasm (a transient, reversible change 

This differentiation, moreover, is important not merely for diagnostic 
reasons, but for its prognostic and therapeutic implications as well. Organic 
involvement, as in arteriosclerosis obliterans or thromboangiitis obliterans, im 
plies a long-drawn, laborious effort to establish and to extend collateral cireula 
tion. The prognosis, even in cases of moderate involvement, is not too bright. 


In functional eases, however, the problem of releasing vessel spasm can be solved 


in most instances by physical or chemical means; in any ease, the possibility o 
the involvement progressing to the death of tissue is less likely. 

In addition there is the large group of cases where spasm and organic en- 
eroachment on vessel lumen coexist to varying degrees, and here the problem 
has been to establish the respective roles of the two causative mechanisms. The 
three tests here reported on are (1) the thermal reflex vasodilatation test; 
(2) the peripheral nerve block; and (3) the sodium nitrite test. 

The thermal reflex vasodilatation test is based on the physiologie fact that 
when exeessive heat is applied to a part of the body, the body attempts, through 
a compensatory generalized cutaneous vasodilatation, to dissipate this heat. The 
mechanism appears to be a reflex release of sympathetic vasoconstrictor in 
fluence. This vasodilatation, manifested peripherally by elevation in skin tem- 
perature of the extremities, is measured with a thermocouple. 

Complete vasodilatation, under the standard conditions of the test,’ is taken 
to indicate normal patency of peripheral arteries in the extremity tested, with 
no appreciable organic encroachment on the lumen of these vessels. However, 
we have found that failure of an extremity to show maximal vasodilatation is 
not invariably due to organic obliterative involvement; it may be an expression 
of a degree of vasoconstrictor tone (spasm) so high that the thermal stimulus 
is not sufficient to undo it. Every such failure in a proved nonorganie ease of 
vessel spasm is, of course, a mark against the reliability of the thermal test. 

Peripheral nerve block is a direct attack on the sympathetic innervation of 
the foot or hand, aiming at local vasodilatation. In the lower extremity the 
posterior tibial nerve at the ankle and the common peroneal nerve at the neck 


*From the Department of Peripheral Vascular Diseases, Bronx Hospital. 
Received for publication, May §, 1941. 
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of the fibula are blocked with novoeain. In the upper extremity the median 
nerve at the wrist and the ulnar nerve at the elbow are similarly blocked. The 
resulting abolition of sympathetic control manifests itself in vasodilatation 
distal to the level of block, and the rise in skin temperature is again measured 
as in the thermal test. 

The sodium nitrite test? exploits the well-known relaxing effeet of nitrites 
on the smooth muscle of peripheral blood vessels generally. The dose of sodium 
nitrite given intravenously is kept small enough to obviate any secondary vaso- 
constrictor manifestations: 1 ¢.¢. of 4 per cent sodium nitrite for the adult 
of average size. The major peripheral effect in this test is not an inerease in 
blood flow, as in the thermal test and in peripheral nerve block, but an increase 
in pulsating volume of the limb, and a pooling of blood in the venoeapillary 
bed.2. There is thus no rise in skin temperature suitable for thermocouple de- 
terminations. The effect is tested with the oscillometer, which records the 
increased amplitude of pulsation when this occurs. The increase in oscillations 
is taken as a measure of the degree of spasm present before the test, and the 
failure of oscillations to increase indicates advanced organic involvement, with 
little or no coexisting vessel spasm. 

The object of this study was to investigate the capacity of each of these 
three procedures to abolish vessel spasm and to induce in the limbs tested the 
maximal vasodilatation of which they were eapable. We wished to establish the 
relative dependability of these tests as indicators of vessel spasm, and hence to 
derive definite impressions of the place of these tests in the study of peripheral 
vascular disease. 

Our clinical material included 75 patients with a variety of peripheral 
vascular disorders. Each of these patients, in addition to a clinical estimate of 
his peripheral vascular status, was subjected to at least two of the foregoing tests 
one or more times. The clinical evaluation was arrived at on the basis of a 
complete history and physical examination, and a comprehensive examination 
of the extremities, including observations on rubor, pallor, temperature, pe- 
ripheral pulses, nutritional changes, oscillometrie determinations, claudieation 
studies, and x-rays. The cases were, with few exceptions, reviewed at staff 
conferences, so that the clinical classification represented the consensus of the 
¢linical staff. 

In correlating with these clinical findings the results of the thermal, nerve 
block, and nitrite tests, we have found etiologic distinctions alone unsatisfactory. 
We have grouped the patients on the basis of the degree of vascular impair- 
ment,’ sinee the value of these tests lies not in differentiating between the 
various peripheral vascular ailments, but in indicating the latent vascular re- 
serve of the patient. 

Of the 75 patients included in this study, 15 were in the ITA group, i.e., 
they had organie involvement with minimal symptoms, with varying degrees 
of associated vessel spasm; 32 were in the IIB group, ie., they had more 
advanced organie involvement with moderate symptoms, but were short of open 
lesions or gangrene; 28 were in the functional group (class TV),° with normal 
Vascular reserve and no demonstrable organie disease. In the latter gronp the 
Symptoms were entirely due to vessel spasm. 
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Table I represents in summary the relative dependability of the three tests 
Of 35 thermal tests done on patients in the functional group, only IL revealed 
the full degree of the vascular reserve in the limbs tested. Twenty-four of thi 


35 thermal tests (69 per cent) failed to induce the maximal vasodilatation whiel 


Was attained in response to other tests. Thus, in one patient after another 


Whose symptoms, from a clinical viewpoint, seemed due solely to vasospasm, 
relianee on the thermal test alone would have led to the wrone conelusion that 


organic vascular disease was present. 


TABLE I 
THERMAI NITRITI BLOCK 
Group NO, NO. WITH o/, NO. NO. WITH of NO, NO. WITH of 
iO 

OF MAX. VASO- | SU¢ OF MAX. VASO- | SU¢ OF MAX. VASO- | SU% 
rESTS| DILATATION | CESS |'TESTS| DILATATION | CESS | TESTS | DILATATION | CESS 

Functional 35 11 31 17 12 70 24 24 100 
ITA 93 6 96 6 3 50 13 13 100 
IIB 37 »() 54 92 10 13 Pg 28 4} 


It may be seen at a glance that the best showing of the thermal test was 
in the group IIB cases. In this group patients with advanced organic ob- 
struction of vessels showed a minimal capacity for vasodilatation to begin with, 
and hence the inconstaney of the thermal stimulus to release spasm is obscured. 
In the ILA and functional groups, however, this weakness of the thermal test 
hecomes conspicuous. For patients in these groups latent capacity for vasodilata- 
tion is high, and inadequate response to the thermal test repeatedly was followed 
hy complete, or almost complete, vasodilatation after peripheral nerve block. 

The reliability of the nitrite test paralleled roughly that of the thermal test 
in the ITB group, but was considerably ahead of the thermal test in the fune- 
tional group. The greater incidence of failure in the subjeets with advanced 
organic involvement may be due to the fact that the nitrite test measures 
increase in pulsating volume; and_ selerotic, rigid, inelastic vessels are less 
capable of enhanced pulsation than the structurally normal arteries of the 
functional cases. In cases with no organic disease, where spasm alone was 
the cause of svmptoms, the nitrite test was more dependable, and gave accurate 
indication of the actual vascular reserve in 70 per cent of cases. 

Peripheral nerve block, properly performed and confirmed by the develop- 
ment of anesthesia or paralysis along the distribution of the nerves, was, in our 
experience, by far the most accurate and dependable test for vasospasm, With 
the exception of only one case, we found no instance where vasodilatation in 
response to any other measure exceeded the vasodilatation following nerve block. 

Table IT represents the results in a number of patients, each of whom was 
subjected to thermal test and nerve block done in a parallel fashion, i.e., under 
similar conditions and within several days of each other, to obviate the pos- 
sibility of a change in vascular status between tests. Again, whereas the 
thermal test was accurate in only 30 per cent of the functional cases, and in 
46 per cent of the IIB cases, nerve block was almost unfailingly effective 1 


inducing the maximal vasodilatation possible in the limb tested. 
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TABLE I] 


THERMAL BLOCK 
NO. OF 
; NO. WITH P NO. WITH | : 
GROUP PARALLEL : W/, : % 
7 , MAX. VASO MAX. VASO ‘ 
STUDIES SUCCESS SUCCESS 
DILATATION DILATATION 
Functional ao 7 30 93 100 
IIA ips: 3 23 13 100 
11B 28 Ls 1) 27 96 


In Table TT are summarized parallel studies of nitrite test and nerve block. 


The results once again confirm the consistent accuracy of peripheral nerve block, 


TABLE III 


NITRITE BLOCK 
NO. OF 
; No. WITH % NO. WITH k 
GROUP PARALLEL % 
MAX. VASO MAX. VASO 
STUDIES SUCCESS SUCCESS 
DILATATION DILATATION 
Functional 10 6 60 10 100 
ITA and ITB 17 5 2g 16 Q5 


Table IV shows the results of thermal and nitrite test studies done in 
parallel manner. While in the patients with organie damage the nitrite test 
falls below the thermal test in dependability, it is approximately twice as 
accurate as the thermal test in functional cases. 


TABLE IV 


THERMAL NITRITE 
NO. OF 
: NO. WITH y NO. WITH 
GROUP PARALLEL Y// % 
ya MAX. VASO ; MAX. VASO ] : 
STUDIES SUCCESS SUCCESS 
DILATATION DILATATION 
Functional 16 74 43 aE: S] 
ITA and IIB 29 16 56 12 4] 


SUMMARY 


In the study of the patient who presents himself with symptoms referable 
to the peripheral arterial tree, all three tests discussed have a place. The place 
tor each is indicated in the results we have summarized in the accompanying 
tables 

Sodium nitrite injected intravenously and the hot water bath are both 
useful as preliminary tests for vasospasm. Of the two, the thermal test is 
better suited to patients with organie vascular involvement when we wish to 
discover the degree of associated yessel spasm, In patients who give the clinical 
impression of nonorganie yasospastie involvement the nitrite test is considerably 
more dependable. It is also more feasible for patients prone to syncope in a 
hot h; 


I), our ¢linie a patient whose vasodilatation in response to either of these 
tests reaches normal values is then regarded as possessing normal vascular 
reser Those who respond to either of these tests with subnormal vaso- 
dilatation are then tested with peripheral nerve block. The advantage of this 


scheme is that in a considerable proportion of patients a simple, nonmanipula- 
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tive procedure serves adequately to reveal the intensity of spasm and the vascular 
reserve of the limb in question. Nerve block is reserved as the test of last appeal 
for those patients in whom either the thermal stimulus or the sodium nitrite 


failed to induce fully normal vasodilatation. 


We wish to acknowledge the participation of Dr Abraham Kahane and Dr. Abraham Watz 
in the performance of the tests described, 
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PRIMARY AMYLOIDOSIS OF TIE LUNGS* 


S. W. Sapprncron, M.D., Jounx H. Davir, M.D., AND J. ARtHUR HorNerr, M.D. 


PHILADELPHIA, PA. 


ga MID disease, as is well known, usually follows certain chronic diseases, 
such as tuberculosis, and is characterized by massive and easily recognized 
lesions of the spleen, liver, kidneys, and adrenal glands. This is the secondary 
and typie form. It is less well known that there are rare, atypic, so-called 
primary forms of this disease which are seldom recognized clinically. The criteria 
for this atypice group were pointed out by Lubarsch' and are (1) Almost complet 
absence of amyloid in organs most involved in typic amyloidosis, sich as spleen, 
liver, and kidneys. (2) Presence of amyloid in organs and parts not usually 
involved, such as heart, lungs, and skin. (3) The occasional occurrence of tumor- 
like nodules of amyloid. (4) The frequent failure of the deposits to react to 
the specific stains or tests for amyloid. (5) The absence of a preceding or con- 
comitant disease to which the presence of amyloid may be ascribed. The case 
report herewith cited is an excellent example of the primary or atypie form and 
illustrates the lack of clinical awareness of this condition. 


REPORT OF CASE 


The patient was a woman, aged 51 years, who had three outstanding complaints: extreme 
fatigue on the least exertion, dyspnea even at rest, and upper abdominal distress. 


tel ae the Department of Pathology, Hahnemann Medical College and Hospital, \ila- 
delphia. 
Received for publication, May 9, 1941. 
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Her family history was unimportant. She had had no chronie illness of any sort o1 
any previous serious acute illness. She had no peculiarities of appetite, and no drug habits. 
She at no time had any symptoms referable to her tongue. In 1925 she had a tonsillectomy. 
In 1927 she received radium treatment for uterine fibroid. Menstruation continued until 
1935. 

Three years ago she noticed some thickening of the eyelids, and subsequently a similar 
condition involving the external auditory canal. Next there was thickening of the skin in 
the groin, which extended down to the vulva and rectum. In September, 1939, she was 
: treated by a physician for arthritis involving the right knee and received four injections of 
lipoid iodine solution into the joint. Sinee April, 1940, she suffered from increasing dyspnea, 
and until near her death she was quite dyspneie when at rest in bed. She was hospitalized 
f in September, 1940, for a study of the skin lesions. In the hospital these lesions were ob 
served as yellowish brown elevations or infiltrations involving both upper and lower eye 
lids on both sides; as yellowish brown thickenings narrowing the lumina of the auditory 
\ canals almost to complete closure; and in the groins, not as nodular or glandular enlarge 
ments, but as wide areas of infiltration extending around fo the rectum. The dermatoiogist 


mede a diagnosis of xanthoma, and a biopsy was done on the evelid and groin lesions, The 





i pathologie report on these tissues was not definite. Tt was stated ‘‘that the tissue was 
. probably originally xanthomatous but did not show that condition clearly now.’’ The hyaline 
or homogeneous appearance of the subepidermal tissue in both evelid and groin tissues 
was noted, but the real condition was not recognized. In October, 1939, a biopsy was 
done on the oceluding lesion of the ear canal. The pathologist who examined the specimer 
also consulted a dermatologic pathologist on the diagnosis, and the joint opinion was colloid 
degeneration of the skin. 
In the interval between April, 1940, and January, 1941, the patient consulted many 
physicians without diagnostic satisfaction, though she was assured she had no heart trouble. 
She became steadily worse, and a nonproductive cough was added to her increasing dyspnea. 


) She was again hospitalized on Jan. 14, 1941, when the following data were recorded: 


baw hb OA WA BE Sek we Re BARE 


The patient was a large woman, about 6 feet tall, weighing over 200 pounds. She 
exhibited no eyanosis or jaundice, but was patently dyspneie at rest. She presented a pale 
and waxy appearance, with some swelling of the feet. Her mouth was clean and her teeth 
S. were good. Her tongue was moist and subjectively and objectively negative. Her heart 
od sounds were weak but regular, and no murmur was detected. The systolic pressure was 
134 mm. but the diastolie pressure could not be satisfactorily read. The electrocardiogram 

showed coronary T-waves in Leads I and II. No rales or other abnormalities were detected 
od over the lungs. The roentgenogram showed some enlargement of the cardiovascular. sil 
houette, and the lung fields were indefinitely hazy. There was some tenderness over the gall 


hlad ‘ 
te bladder and duodenum, but the liver and spleen were not palpable and there was no ab 


Bb ba OB deb tte db 6 


n, dominal mass. The urine on all oceasions showed considerable albumin and hyaline and 
iy granular casts. Urinary concentration was good. The hemoglobin was 12.8 Gm., the red 
‘ blood cell count was 4,160,000, and the white blood cell count was 6,900. The differential 
count was normal. Blood sugar was 105 mg., blood urea 14 mg., blood creatinine 1.2 mg., and 
to cholesterol 187 mg. The Wassermann and Kahn tests were negative. 

\fter five days in the hospital the patient died suddenly and quietly without fever, rise 
ase of pul.e rate, or signs of heart failure. 


nd ‘utopsy.—Body that of an obese, white female of about 50 years. Nodular infiltra 


tions eyelids and groins, and slight edema of lower extremities, were noted, 
pericardium was normal in appearance, The heart was generally enlarged, weigh 
ing dl Gm. There was moderate hypertrophy of both ventricles, the left ventricle measuring 
sii IS mm. and the right 8 mm. in thickness. Otherwise auricles and ventricles appeared normal. 
There was no scarring grossly apparent, and there was no stiffening or fixation of the auricu- 
lar we The orifices and valves were normal. The coronary arteries showed some athero- 
iila- sclerosi 


but no occlusion. The ascending portion of the thoracic aorta showed minimal 


atheroni: tous change; the abdominal aorta exhibited a moderate amount. 
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The lungs, in situ and on removal from the body, presented an expanded appearance 
without any tendency to the usual post-mortem collapse. The right lung weighed 860° Gn 
and the left lung 810 Gm. They were dry, pinkish in color, and showed no foeal changes, 
no areas of pneumonic consolidation or tuberculosis, and no edema. The cut surface had 
fine honevcombed appearance, the empty alveoli remaining expanded. In appearance and 
‘onsistency the lungs resembled a fine rubber sponge. Pleural cavities were normal, Trachea! 
and bronchial passages were free. 

The spleen (150 Gm.) and the liver (1,810 Gm.) were without noteworthy gross changes 
The gall bladder and ducts were normal. The pancreas was unchanged. The adrenal glands 
were apparently normal. The kidneys were embedded in considerable fat, each weighing 


100 Gm. and showing some surface-pitting. The capsules stripped easily, revealing slight 


vranularity, On section the cortex-medulla ratio was about normal. No abnormal fit 
ings were noted in the ureters or bladder. The uterus presented on the posterior surfac 
a subserous fibroid, 1.8 em. in diameter; uterine cavity and cervix showed no special change, 
Tubes and ovaries were unnoteworthy. Esophagus, stomach, and intestines gave negative 
findings, except a segment, about 100 em. proximal to the ileocecal valve, which exhibited 
a peculiar honey-brown color not due to fecal staining or circulatory block, and not explained 


by observation of the opened gut. 


Pike 
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Fig. 1. Amyloid infiltration of arteries of a, liver: b, uterus: ¢, adventitia of aorta; d, heat 


] 


Vicroscopie Examination.—The findings with the exception of the amyloid chang 
were insignificant, and will only be mentioned incidentally in discussing in detail the 
important amyloidosis. Sections were stained with hematoxylin and eosin, Mallory’s con 
nective tissue stain, Weigert’s elastic stain and van Gieson, Congo red and methyl \ 
and sudan III. 

The liver was normal, except for amyloid infiltration involving branches of the hey 
artery; these were uniformly amyloid throughout. The hyaline appearance of the arteries 
Was In contrast to the branches of the portal vein which were entirely uninvolved (Fig. 1a 
In the spleen the pulp was congested, and the Malpighian follicles were inconspicuous. The 
tunvloid change here was the slightest, and consisted only of partial involvement « 
central arterioles of the follicles; even these responded poorly to the Congo red and 1 
violet stains. The pancreas showed no amyloid whatever in the vessels or elsewhere. — Tlie 
kidneys likewise contained no amyloid in any part of many sections examined, There wi 
i minimum amount of cortical sclerosis and moderate congestion of the glomerular and 
intertubular capillaries, but no capsular thickening and no hvalinization of the arterioles. 
There was some degeneration of the tubular epithelium, but no fat reaction with sudan ILL 


There was slight proliferation « 


f the endothelium of the glomerular capillaries, | Sections 
of the intestine from the discolored segments showed necrosis involving the entiré wall. 


The mucosa presented only smudged shadows of the epithelium and lymphoid tissue 
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submucosn still showed structural integrity of the small arteries and veins; the former were 
amyloid and the latter were unaffected. These intestinal arterioles stained perfectly fon 
amyloid with Congo red and methyl violet. Sections of the subserous myoma of the uterus 
showed some hyalinization of the fibromyomatous tissue, but these did not react to amyloid 
stains. All arteries in the section, however, were amyloidized with extreme thickening in 
some vessels almost completely occluding the lumen (Fig. 16). The veins again were un 
involved, There was a very small amount of amyloid in the tissues about some of the 
arteries, 

In the heart there was seen a small amount of necrosis and fibrosis in the subendo 
eardial fields, involving especially the papillary muscles, but there was no amyloid here or 
elsewhere, except in the walls of the small arteries of the parenchyma (Fig. 1d) and the 
epicardium, and these were uniformly involved, Again there was contrast in the freedom 
of the veins from amyloid change. In the aorta the arterioles of the adventitia showed 


amyloidosis, and the veins were free (Fig. 1c). 





Fig. 2.—Amyloid infiltration of the pulmonary alveoli. 


The lungs showed extreme amyloidosis. In addition to the practically universal in 
volvement of both arteries and veins there was almost complete amyloid infiltration of the 


alveolar walls (Fig. 2). The great thickening of the vessel walls thus induced reduced the 


lumen markedly and in the smaller vessels to a minimum (Fig. 8). The amyloid of the 
alveolar walls was presumably related to the capillary wall, but the thickening was relatively 
so great, and various nodular enlargements so numerous, that fine distinctions could not be 
made. It is difficult to conceive of much function in lungs so altered. The bronchioles were 
inconspicuous with lining epithelial cells desquamated and lumina compressed by the swelling 
of the neighboring vessel walls. There was no amyloid in the bronchial walls. In the few 
fields where the alveolar walls showed little amyloid, the alveolar spaces contained monocytic 
cells, but there was no inflammatory exudate or edema. The only demonstrable lesion in 


the lunes was amyloidosis, and this was diffuse and almost complete. The response to 


amyloid stains (Congo red and methyl violet) was perfect. 

sections of the various organs stained with Weigert’s elastic stain, it was noted 
that 1 site of amyloid formation was apparently primarily the media, later extending to 
the intima. This was well seen in vessels of the uterus and lungs. The intimal involvement 


tended to elose the lumen, while the medial lesions thickened the wall and distended the 
adventitia but did not seem to involve it. 


en the nature of lesions in this case was apparent, we looked for, and fortunately 


were e to find, the paraffin blocks made from the biopsies of the eyelid and groin done 
four uths previously. Sections of the skin of the eyelid showed a thin epidermal layer, 
and insuediately beneath it and extending through the entire section clumps and masses 
of tiss.e containing one or more vessels of capillary or precapillary size. These tissue 


masses looked like hyalinized or relatively acellular fibrous tissue, but they took the amyloid 
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stains throughout (Fig. 4a). The vessel walls did not take any amyloid stain, <A. similar 
appearance and reaction was noted in the sections of the skin of the groin. In one field of 
these sections were arterioles, showing lyalinized walls quite like those in the same vessels 
in the viscera. These vessels, however, did not give the amyloid reaction as did the extra 


vascular homogeneous tissue in the eyelid sections (Fig. 4b). 





Fig. 3 Amyloidosis of the pulmonary vessels. Note the marked narrowing of the lumen. 





Fig. 4.—a, Skin of eyelid showing amyloid in corium and subcutaneous tissues. b, Skin of groin 
showing hyalinization of vessel walls and amyloid of the mesodermal tissues. 

The final pathologic diagnosis was primary systemic amyloidosis with maximum con 

centration in the lungs, moderate involvement of the skin, and involvement limited to the 


small and medium-sized arteries systemically. Moderate cardiae hypertrophy. 
COMMENT 


Here is a case of primary amyloidosis with lesions in the lung quite as great 
quantitatively as those found in a tuberculous or pneumonie infection of the 
organ, and yet unrecognized clinically as have been the great majority of at) ple 
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amyloidoses in the past. The failure of the elinical diagnosis in this condition is 
probably dependent upon (a) the retention of the old conception of amyloid dis- 
ease as exclusively a secondary condition with massive lesions in the spleen and 
liver; (b) the rarity of the atypic forms; (¢) the variations in the dominant 
lesions and consequent clinical phenomena in primary amyloidosis; (d) un- 
familiarity with diagnostie leads, sueh as the condition of the tongue; (e) the 
failure to be amyloid conscious with respect to skin lesions. 

The rarity of primary amyloidosis is indicated in Reimann’s® statement in 
1935 that up to that time about 35 cases had been reported. Reimann’s case, 
reported at that time, is apparently the first to be diagnosed clinically. Of these 
35 cases, 17 were systemie with general distribution of the amyloid; the remain- 
ing were primary, with the localization of the amyloid largely in one or two 
organs, Using this elassification, Koletsky and Stecher® in 1989 were able to find 
only 23 cases of primary systemic amyloidosis in the literature, and added one of 
their own. Most of the cases have been reported since 1929, when Lubarsech’s' 
article aroused interest in the condition. Very few of them have been reported 
in medical journals dealing with general or internal medicine: most of them 
have appeared in publieations devoted to pathology or dermatology, all of which 
helps to account for the general unfamiliarity with the subject. Atypie or 
primary amyloidosis should not be confused with cases of secondary amyloid 
presenting lesions in unusual situations, as in multiple myeloma. Nor should 
cases of atypic amyloidosis be considered good examples of the primary form 
when presenting massive lesions of the spleen, liver, or kidneys, in addition to 
deposits elsewhere. 

In the eases of primary localized amyloidosis there is considerable variation 
in the distribution of the amyloid deposit, so that the concentration may be 
dominant in one or two organs or parts, such as the tongue, heart, skin or lungs, 
and less frequently in the gastrointestinal tract, female genitals, joints, muscle, 
hone marrow, or even the nervous system. Though such cases are reported as 
atypic, local, or primary amyloidosis of the heart,’ lung,’ skin,® or tongue,’ there 
may be aetually a systemie or diffuse distribution of amyloid scant enough in 
other parts to be only recognized by the microscope, as in the case reported here. 
Few eases in the literature show the dominant pulmonary lesion seen in our 
case. In either the local or systemic form of primary amyloidosis the tissue 
affected is mesodermal and usually intimately related to the vascular system. 

Primary amyloidosis is slowly coming into recognition as a clinical entity, 
and ante-mortem diagnoses of the condition, now relatively few, may be in- 
creased by attention to certain clinical phenomena. Unexplained fatigue and 
dyspnea are common nonspecific symptoms marked in major involvement of the 
heart or lungs. Gastrointestinal complaints may actually be amyloid in nature, 
as may be joint symptoms. The leads which may indicate the specificity of 
symptoms and make the diagnosis possible are found in the tongue and 


involvement of the tongue is one of the most common and most suggestive 
Signs of atypic amyloidosis. This organ was the seat of amyloid deposit in 


24 cases reported by Koletsky and Stecher.*. The macroglossia may be 
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so great as to cause dysphonia and dysphagia, and even lead to the diagnosis 
of malignancy, as in one of Lubarsch’s! cases which was diagnosed as careinoma 
of the tongue. In Gerstel’s* case the swelling was so great that the patient 
could not close her mouth, and sarcoma of the tongue was suspected. Warren,’ 
in a discussion of a case reported by Robertson and Brunsting,'” cites two cases 
and states that the patients in both instances complained that their tongues 
were too large for their mouths and that they had difficulty in’ swallowing. 
Their tongues had the characteristic rubber feel of amyloid spleen or liver. 
Warren was able to make a diagnosis in the second case from the tongue lesion. 
The part may be deeply furrowed and fissured. Our patient made no com- 
plaint at any time referable to the tongue, and we unfortunately did not. ex- 
amine tongue sections after death. It is not unlikely that had we done so we 
10 


would have found amyloid. Robertson and Brunsting’s'’ case did not have 


symptoms referable to the tongue, but showed amy loid involvement post mortem. 

Amyloid lesions of the skin are not as common as those of the tongue, and 
amyloid skin lesions may be of the purely local type and not indicative of 
systemic amyloidosis, Schilder' examined post mortem the skin of 14 patients 
showing advanced secondary amyloidosis and was able to demonstrate amyloid 
deposits in seven, including amyloid lesions in the sweat and sebaceous glands. 
The skin, however, showed no clinical change. When a case presents an obscure 
clinieal complex and skin lesions are found, they may be of the utmost diagnostic 
importance, especially in conjunction with tongue symptoms. Amyloid) skin 
lesions are deseribed'? as small papules, vellowish, vellowish brown, or brown 
in appearance. In our case they were vellowish brown and somewhat nodular. 
The injection of Congo red intravenously in cases of primary amyloidosis has 
not vet been properly evaluated. The test was negative in the eases of von 
Bonsdorff.’’ Reimann,? and Nomland.® Nomland® has injected Congo red sub 
cutaneously or intracutaneously in the region of the lesions with success, and 
his results have been confirmed by Robertson and Brunsting,'’ and Philpott 


and Freshman." 


In such injections the first diffuse red staining of the skin and 
lesions later fades, leaving the amyloid lesions a rose red, and this may persist 
for days or even months. The specific staining of the amyloid lesions with 
(‘ongo red was later proved by biopsy in Nomland’s" case. This test, if reliable, 
should prove of great diagnostic value. 

Finally, the diagnosis may be definitely made by biopsy of the skin or 
elossal lesions. Such sections usually give typie amyloid reactions with methy! 
violet and other specific stains. The importance of the amyloid-conscious state 
in such examinations is evident, however, as is seen by the failure of three 
pathologists to recognize the amyloid in our ease, and the faet that the amyvlo d 
nature of the sections was not realized in Koletsky’s and Stecher’s® ease until 


the third biopsy had been done. 
SUMMARY 


A case of primary amyloidosis is reported in which the distribution of 
amyloid was systemic but massive only in the lunes, and to some extent {he 
skin. The condition is rare and is seldom diagnosed clinically. The diagnos’ i¢ 


importance of lesions of the tongue and skin is stressed. 
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INDUCED HEMATOPOIESIS IN 


RABBITS* 


EXPERIMENTALLY 





Haroup GorpDoN, M.S., M.D., FLALCLP., CHarues TH. Creppen, A.B., ALM., PaH.D., 
AND ARTHUR K. Lampton, A.B., M.S., LouIsviLLE, Ky. 


: anaes Is a well-recognized stimulus of hematopoiesis. The fol 
lowing experiment was accordingly devised to determine whether or not 
posthemorrhagice hematopoiesis is due to a stimulant circulating in the blood 


of animals subjected to a single large hemorrhage. 
MATERIAL AND METHODS 


Fifteen healthy rabbits of comparable age and weight were kept under 
observation for a week or longer. During this time three or four determina 
tions were made of their ervthroeyte and leucocyte counts and hemoglobin per 
centages. These varied only slightly and were within the accepted limits of 
normal.' The average of the values obtained for each rabbit was according] 
accepted as the *‘normal’’ for that animal. Following this preliminary period 
of observation, the rabbits were rendered anemic by removing blood from the 
heart. The ervthroeyte and hemoglobin values in each case were reduced as 
rapidly as possible to about 60 per cent of the normal, and maintained by re 
peated bleeding at approximately this level for variable periods. The amount 
of blood removed and the frequeney of bleeding varied considerably, the 
ervthroeyte eounts and hemoglobin value being the sole determining factors 
in each ease. After the anemia had been maintained for ten to fourteen days, 
the animals were divided into three groups, as follows: (1) A control group, 
comprising 4+ rabbits, received no transfusions. (2) A second control group 
of 5 rabbits received transfusions intravenously with blood removed by eardiac 
puneture under sterile conditions from healthy rabbits. (8) A group of 6 
rabbits received transfusions from ‘‘prepared’’ donors. Preparation of the 
donors consisted of preliminary bleeding in order to stimulate hematopoiesis. 
The bleeding was performed by eardiae puncture, from 15 to 20 e.e. of blood 
being removed by a single puncture, about three to five days before it was 
planned to use the blood of these rabbits for transfusion purposes. The re- 
sulting degree of hematopoietic stimulation was judged by repeated reticulocyte 
counts. Blood was removed from the stimulated donors by eardiae puncture 
and injected intravenously into the anemic rabbits when the reticuloeyte re- 
sponse of the donors was judged to be at its peak. (Subsequent reticulocyte 
counts on the stimulated donors showed that the peak was judged correetly in 
all but one instance. The donor in this case showed a moderate inerease of its 
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reticuloevtes the day after its blood was used for transfusion.) A distinet 
reticulocytosis occurred in all the prepared donors. Determinations were 
made of the reticulocytes, erythrocytes, leucocytes, and hemoglobin at fre- 
quent intervals until the erythrocyte counts were at or above normal. 

All the rabbits used in this experiment received the same general care. 
They were housed in well-aired metal cages in a large, well-ventilated animal 
room, and allowed a balanced commercial ration and water ad libitum. 


TABLE I 


SUMMARY OF EFFECTS ON ERYTHROCYTES AND HEMOGLOBIN OF RABBITS COMPOSING THREE 
EXPERIMENTAL GROUPS 


RABBITS GIVEN TRANS 


NORMAL FUSIONS FROM 
EFFECTS - 
CONTROLS HEALTHY PREPARED 
DONORS DONORS 
On Erythrocutes 
Number of animals oa 5.0 6.0 
\verage duration of anemia, days* 15.4 11.0 11.5 
Average degree of anemia, per cent 96.9 O84 60.0 
Average total amount of blood removed, e.e. 175.0 140.0 185.0 
\verage amount of blood transfused, e.c. 38.0 33.0 
Average recovery time, days} 18.0 10.8 8.0 
On Hemoglobin 
Number of animals 50a 5.0b 5.0 
Average duration of hemoglobinemia, days 10.5 14.0 10.6 
Average degree of Hb. deficiency, per cent 61.0 68.0 63.0 
\verage total amount of blood removed, ¢.c. 175.0 152.0 177.0 
\verage amount of blood transfused, ¢.c. 16.0 o7.0 
Average recovery time, days} 19.5 9,0) 6.8 


*The average duration of the anemia was determined by computing the time in days 
during which there was a severe deficiency of erythrocytes and hemoglobin. 

‘The average degree of anemia was computed by determining the period during which 
each animal showed its most severe erythrocyte and hemoglobin deficiency. 

tThe average recovery period represents the time taken for the restoration of the erythro- 
cytes and hemoglobin to normal values. 

*One control rabbit died before the erythrocyte count and hemoglobin returned to normal 
and is, therefore, not included in the summary. 

>The hemoglobin of two rabbits in this group remained subnormal during the experi- 
mental period. They are omitted from the summary. 

One rabbit in this group still had a hemoglobineniia when the experiment was discon 
tinued It is not included in the summary. 


RESULTS 


The individual protocols are illustrated graphically in Charts 1 to 6. These 
show the amount of blood removed, the resultant degree of anemia, the amount 
ot blood transfused, and the recovery period for each rabbit. The untransfused 
control group recovered very slowly and imperfectly, as judged by both the 
ervthroevte and hemoglobin determinations. One animal in this group died 
six days after the last bleeding. The day before death its erythrocyte count 
Was still only 40 per cent of the pre-experimental level. At autopsy it showed 
severe anemia, dehydration, and emaciation. Another rabbit in this group re- 
quired a month for the restoration of its erythrocyte count to normal. During 
all this time it was in poor condition. The remaining two in this group recov- 
ered ten and sixteen days, respectively. It is interesting that neither the 
total amount of blood removed nor the frequeney of bleeding influenced de- 
cisivel the time required for recovery, since Rabbit No. 114 recovered the most 
rapidl,. in spite of having been bled more severely than any of the other 
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rabbits in this group. This was true with respect to the restoration of both the 
erythrocyte and the hemoglobin values. The average recovery period for this 
group was eighteen days for the erythroeytes, and 19.3 days for the hemo- 
globin. 

The second control group, transfused from healthy donors, recovered more 
rapidly than the group receiving only routine care (Table I). The erythro- 
eyte recovery period for all 5 rabbits composing this group averaged 10.8 
days, reeovery being uninterrupted. The immediate hemoglobin recovery 
period was complete in only 3 of the 5 animals composing this group, and aver- 
aged nine days. All 5 survived the experiment and showed definite clinical 
improvement the day after one transfusion, with complete clinical recovery 
within a week after the termination of the experiment. 

The rabbits transfused from stimulated donors recovered in an average of 
eight days with respect to their erythrocyte counts. All but one showed a sat- 
isfactory restoration of the hemoglobin content of the red blood cells within an 
average period of 6.8 days. The clinieal recovery of the rabbits in this group 
was slightly more prompt than that of the group transfused from healthy 
donors. 

The reticuloeyvte counts of all rabbits varied considerably. In general, 
there was a distinet reticuloevtosis in all rabbits after the first bleeding. This 
declined irregularly after the third or fourth hemorrhage. A secondary in- 
crease in the reticulocytes appeared in all three groups when the bleeding was 
discontinued, although it was later in the untransfused group than in the two 
transfused groups. No significant difference in the degree or in the prompt- 


ness of this secondary reticuloevtosis was noted in the two transfused groups. 
COMMENT 


The number of animals used is too small to permit the drawing of sweeping 
conclusions. There is justification for the general statement that the rabbits 
receiving blood from stimulated donors recovered more rapidly and_satistae- 
torily than either of the control groups. This is borne out both by the data 
summarized in Table I and by the elinical behavior of the animals. The two 
groups receiving transfusions gained weight and strength much more rapidly 
than the group receiving only routine care, and the group given transfusions 
from prepared donors improved more rapidly than the group given transfusions 
from healthy donors. There was some parallel in the restoration of the erythro- 
eytes and that of the hemoglobin, but the restoration of the latter, with re- 
spect to the individual animals in each group, was less constant and returned 
more slowly to normal levels. 

(he question arises whether the erythrocytes of the ‘‘stimulated donors,”’ 
beine relatively young, may have been more viable than those of the healthy 
donors, thus accounting to some extent for the more rapid recovery of the rab- 
bits in the one group. This does not seem a reasonable explanation, because 
the total amount of blood injected was comparatively small. Furthermore, the 
three rabbits in this group receiving only one transfusion recovered about as 
prom) tly as the three rabbits given transfusions on two oceasions. 
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It may appear anomalous that a hematopoietic stimulant was apparent, 
not formed in the rabbits rendered anemie by repeated bleeding.  Ilowever, 
it is a well-confirmed observation in man that repeated hemorrhages are unac- 
companied by evidences of regeneration of erythrocytes, whereas a_ single 
hemorrhage is succeeded by evidences of erythropoiesis (reticuloeytosis and 
polychromatophilia). The reason for this is not evident. It is worth emphasis 
that the bone marrow of rabbits has an enormous ‘‘reserve,’’ as judged by the 
large number of fat cells normally present in rabbit bone marrow.? — These, 
presumably, are capable of metaplasia with transformation into hematopoietic 
foe. 

Additional experiments along similar lines have been planned. The pres 
ent experiment is being reported now because it is felt that clinical applica 
tion may be made of the method of *‘donor stimulation’’; that is, both on 
theoretical and experimental grounds, the conclusion seems justified that 
blood from human donors, shortly after a small phlebotomy, may act as 
hematopoietic stimulant if administered to patients with hypoplastic, aplastic, 
or ‘refractory?’ anemia. 


SUMMARY 


1. Fifteen rabbits rendered anemie by repeated bleeding from the heart 
were divided into three groups. 

2. One group received only routine care. A second group received routine 
care and intravenous transfusions from healthy donors. The third group was 
given routine care plus intravenous transfusions from donors previously stimu- 
lated by the removal of a small quantity of blood from the heart. 

3. The two groups given transfusions improved more rapidly, both elin- 
ically and hematologically, than the group receiving no transfusions. 

4. The group receiving transfusions from prepared donors improved more 
rapidly, both elinieally and hematologically, than either of the two contro! 
2Troups. 

». It is suggested that preliminary phlebotomy of human donors may 
provide an effective method of treating hypoplastic, aplastie, and refractor) 
anemia in man. 
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CLINICAL AND LABORATORY INVESTIGATIONS ON THE EXTRACT 
OF THE EUROPEAN MOUNTAIN ASH BERRY, WITH PARTICULAR 
| REEFERENCK TO ITS ANTIHEMORRHAGIC ACTIVITY* 





(Gikorcke Y. SuHinowara, Pu.D., C. Joserpn DrlLor, M.D... ANp 
JOHN W. Means, M.D., CoLumMBus, OHIO 


Hi berry of the European mountain ash, Sorbus aucuparia L., has  re- 
portedly been used as a ‘‘spring tonie’” by the Laplanders of the northern 
Scandinavian countries for many vears.'! Traditionally, the products obtained 
from the berry are consumed in the spring in the belief that they have some 
beneficial action, particularly on the liver. It has been suggested that the 
change from the high fat diet of winter to one containing more green vegetables 
in the spring, results in some type of biliary stasis. Folklore led to the assump- 
tion that the berry acted as a ‘‘flushine agent.’’ 

The United States Dispensatoryv’ deseribes the Sorbus fruit as having been 
‘used in seurvy, and in infusion, as a remedy in hemorrhoids and strangury.”’ 


v It further states that the fruit contains a nonfermentable monosaecharide, 


5S sorbinose, Cyl 20%, isomerie with levulose; the crystalline saccharine principle, 
\- sorbitol, Cyl y4O., isomerie with mannitol; sorbic and parasorbie acids, Cel Os; 
malic acid CyH,Os. The seeds of the fruit contain 22 per cent of fixed oil. 
\- The Biologie Research Division, Philadelphia Coliege of Pharmaey and Science,’ 
has confirmed these analyses and in addition has reported the definite presence 
( of appreciable amounts of ascorbie acid. 
) A clinical and laboratory investigation of the Sorbus berry as to its mode 
of action and possible therapeutic value in hepatobiliary disease has been under- 
y taken. In this paper are deseribed experiments conducted to determine the 
A) antihemorrhagie activity of the extracts of this fruit. 
EFFECT ON THE COAGULATION TIME IN HEMORRHAGIC CHICKS 
& Wethod.—Since the existence of vitamin K deficiency was first suspected 


In chicks by Dam* in 1929, the chick has been employed in the assay of the 
natural and synthetie antihemorrhagie substances. The biological assay method 
of Vitamin K employed in this study was that of Ansbacher.'| The clotting time 
Was determined as described by this author, except that larger test tubes (1 by 
7.9 cm.) were used. Ration K-1 was fed to all the test animals. Although the 
quantitative determination of the plasma prothrombin level would have been 
preierable to the gross clotting time, attempts to apply both the method of 
Quek” and that of Smith? to the small volume of blood obtainable from chicks 
Were without suecess. 


From the Gallbladder Clinic, a joint project of the Departments of Medicine, Pathology. 


and rgery, and the Laboratories of the University Hospital, Ohio State University College of 


Med ‘ 
‘his study was made possible by a grant from the Comly Fund for Medical Research. 
veceived for publication, May 23, 1941. 
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Results—tIn an attempt to produce the hemorrhagie syndrome typical of 
avitaminosis K, 920 chicks were placed on Ansbacher’s basal ration K-1, 
The syndrome developed more often in the White Rock than in the White Lee 
horn chicks. Some animals on this diet retained normal coagulation time for 
periods as lone as three weeks. This emphasized the necessity of a freshly 
prepared diet. Ration K-1 contains 17.5 per cent of ether-extracted fish meal. 
Since putrified fish meal is known to be an excellent source of vitamin Ko, great 
care must be exercised to minimize bacterial action in this basal diet. 

The alcoholic extract of the dried berry (Sorparin) was not sufficiently 
concentrated to be administered satisfactorily to the animals. This aleoholic 
extract was, therefore, subjected to rapid extraction with petroleum ether 
(b. p. range, 80° to 60° C.); 1 Gm, of this latter extract represented approxi- 
mately 20 Gm. of Sorparin or 50 Gm. of the dried berry. Furthermore, the dried 
Sorbus berry was ground and extracted in a similar manner; 1 Gm. of this 
extract was equivalent to approximately 40 Gm. of the original material. 


TABLE I 
BIOLOGICAL ASSAY 


AVERAGE BLOOD 


SUM CLOTTING TIME 
a : BER ee AFTER 
PERI SUBSTANCI DOSI BEFORE = ; 
P OF Pa EAD a a 24-HOUR 
MENT cuicks| TREATMENT rechten 
(MINUTES ) 
(MINUTES 
greater than 
A 2-methyl-1,4-naphthoquinone 0.257 5 30 6 (1-15 
2-methyl-1,4-naphthoquinone O.50y 6 30 2 (1-4 
Petroleum ether extract of Sorparin 20.0 mg. a) 30 9 (1-3) 
Petroleum ether extract of Sorparin 10.0 mg. 5 30 2 (1-3 
Sorparin 75.0 mg. 6 30 5 (2-8 
B 2-methyl-1,4-naphthoquinone 0.25y 8 20) 10 (2-90 
2-methyl-1,4-naphthoquinone 0.50 8 30 2 (1-4 
Petroleum ether extract of Sorparin 20.0 me. 8 30 1 (%-5 
Petroleum ether extract of Sorparin 10.0 mg. 8 30 2 (24-4 
C 2-methyl-1,4-naphthoquinone O.50Y S 30 3 (1-4 
Petroleum ether extract of Sorparin 20.0 me. 6 30 1(%-2 
Petroleum ether extract of Sorparin 10.0 mg. 6 30 21-3 
Petroleum ether extract of Sorbus berry 10.0 mg. 5 30 + (1-9 
Petroleum ether extract of Sorbus berry | 20.0 mg. 6 30 18 (2-90 


The experiments reported in Table I are those in which there was the 
successful production of the hemorrhagie syndrome and in which sufficient 
depression of the clotting time was obtained for approximate comparison with 
the positive synthetic vitamin K controls. The extraets were administered in 
0.1 ¢.e. amounts of cod-liver oil to 17-day-old White Rock chicks on ration K-1. 
After twenty-four hours of the test period blood clotting time determinations 
were made. 

Experiment D was performed in an entirely different manner: 52 one-day- 
old White Rock chicks were placed on Ration K-1. After eleven days the blood 
clotting time on six chicks averaged eighteen minutes. The remaining ehicks 
were separated into two groups of 23 each. Group 1 was continued on ration 
K-1 ad libitum. Group 2 was fed ration K-1 with a known amount of dried 
Sorbus berry added. Seven days later blood clotting times were taken on tise 
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Is-day-old chicks. The average clotting time of the control group 1 was sixty-two 
minutes (23 chicks: range four to ninety minutes). The average clotting time 
in group 2, fed dried berries, was two and one-half minutes (23 chicks: range 
one to eleven minutes). Two hours after the clotting times were taken, the 
mortality in group 1 was 395 per cent, in group 2, 5 per cent. During the seven- 
day test period the 25 chicks in group 2 consumed 300 Gm. of the dried Sorbus 
herry. Blood, bile, and livers were obtained for study. Our preliminary bio- 
chemical studies show a marked increase in the neutral fat content of the livers 
in group 1 in contrast with group 2, which was normal. 

The results obtained in this preliminary investigation must be regarded as 
qualitative or, at the most, semiquantitative. It is apparent from the data of 
Table I that there is present at least one Ansbacher unit! of vitamin K_ poteney 
in 10 me. of the crude petroleum ether concentrate of Sorparin. This may be 
further interpreted to mean there are more than 5 units present in one gram 
of Sorparin, or the minimum of 2 units in one gram of the dried berry of the 
Kuropean mountain ash. Quantitative biologieal assays are now being carried 
out in our laboratory to determine the optimum poteney of this drug with 
highly refined concentrates. 


EFFECT ON THE PLASMA PROTHROMBIN LEVEL IN MAN 


The 14 eases to be reported here include those patients on Sorparin therapy 
alone, or those with other medications, on whom prothrombin determinations 
were done before and after treatment. 

Method. Quick’s® prothrombin technique was employed throughout this 
study. The results obtained by this relatively accurate, rapid, and simple 
procedure in more than 2,000 tests in our laboratories have been generally satis- 
factory only when carried out with strict adherence to the following: (a) the 
careful preparation and standardization of thromboplastin; (b) the use of 
‘proved’? normal controls; and (¢) the titration of undiluted and diluted 
concentrations of freshly obtained plasma or plasma preserved by freezing. 

The drug was administered orally in tablets containing 3 grains of the 
solid aleoholie extract of the European mountain ash berry. Three grains of 
this extract is equivalent to approximately 7.5 grains of the dry berry. 

Results—The data on 8 of the 14 cases studied are presented in Table IT. 
The data on the remaining 6 cases on which more intensive observations were 
made are recorded in Graphs 1 to 6. Table III is a summary of the results 
obtained in all 14 eases. 

‘he results of this investigation on the prothrombin response to Sorparin 
medication present several interesting observations. Irrespective of the diag- 
hosis in each of the 14 cases studied, in only one (Case 31, Graph 5) was the 
prothrombin level diminished further after Sorparin medication. In this par- 
ticular ease (biliary dyskinesia with persistent fistula) the decrease in pro- 
thrombin was noted only when bile acids were administered with Sorparin. 
When Sorparin was given alone, the prothrombin level rose in each of two 
periods of medication. From the data summarized in Table III, it may be 
conclided that the plasma prothrombin showed some decrease in 8 per cent, 


6< 99 8 eee ° ° Pr¢ or 
ho change’’ in 20 per cent, and a definite increase in 72 per cent of the 25 
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PROTHROMBIN LEVEI 


CASE SEX 
DURATION 
NO, AGI 
WEEKS 
| D 2 
BY ] 
62 
16 I 2 
D1 
26 F l 
$4 
a i } 
30 
b 51 { 
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D7 
a I ; 
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TABLE II 
BEFORE AND ATE 


MEDICATION 


LABORATORY AND CLINICAL 


BEFORI 


SORPARIN BILE ACID TREAT 
GR./ DAY GR./ DAY MEN’ 
¢ 
\ ¢ 
1S 10-L.B.S. 60 
9 1144-U.K.C., 65 
12 None 75 
9 None 75 
1S None 60 
1S 15-1.B.8. 65 
9 None 62 
1S 15-1.B.S. 57 
IS None 60 
1S None 34 


ract of the Kuropean 


i.B:S. Iron bile salts. 

C.K. Unconjugated-ketocholanic acids. 
a First period of medication. 

b Second period of medication. 


SUMMARY: 


DIAGNOSIS 


PROTHROMB 


TABLE III 


IN RESPONSES TO SORPARIN 


mountain 


ALONE AND WITH BILt 








MEDICINE 


MEDICATION 


PROTHROMBIN 


AFTER 
TREAT DIAGNOSIS 
MENT 
(% 
Q7 Chronie 
cholecystitis 
x5 Cholecy stitis; 
cholelithiasis 
83 Postsurgical biliary 
syndrome 
Q5 Cholelithiasis 
63 Intermittent com 
mon duet obstru 
15 tion 
65 Hepatitis; syphilis; 
cholelithiasis (? 
L107 Postsurgieal bilisry 
syndrome 
2? 
o4 Choleeystitis ; 


menopause 


ish berry. 


ACIDS 


PROTHROMBIN RESPONSE TO MEDICATION 


PERIODS ON 
SORPARIN ALONE 


(14 CASES) 
‘‘no 
DECREASED »» | INCREASED 
CHANGI 
Cholecystitis and/or 0) i) } 
cholelithiasis (7 cases) 
Postsurgical biliary 0 2 0) 
svndrome (2 cases) 
Intermittent common 0 l 0) 
duct obstruction (1 
Case ) 
Hepatitis (syphilis) 0) l 0) 
(1 ease) 
Carcinoma of pancreas 0) 0) 0) 
with metastasis to 
liver (1 case) 
Biliary dyskinesia with () 0 2 
persistent fistula (1 
case ) 
‘* Hypoprothrombi 0 0 l 
nemia’’ (1 ease) 
Total 0 4 7 
Percentage based on 25 (0%) (16%) (28%) 


periods of medication 
Decreased 
“No change” 


Increased Prothrombin 


Prothrombin level after medication 
Prothrombin level increased less than 15 per cent after medication 





level increased greater than 





15 





PERIODS ON 


SORPARIN WITH BILE ACIDS 
“" NO 
DECREASED 99 | INCREASED 
CHANGE 
0 0 7 
(0) 0) l 
0 ] 0 
0 0 () 
= 
0) 0 2 
2 0 l 
i) 0 ) 
1 
2 l 1] ; 
(S%) (4%) (44° 
a 
less than before medication. : 
a 


per cent after medication 
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periods of medication in 14 cases. ‘*No change’’ is statistically reported when 
an inerease of less than 15 per cent in the prothrombin level was recorded. 
On the basis of less rigid requirements, it may be stated that some increase in 
prothrombin was observed in 92 per cent of the 25 periods of medication of 
Sorparin with or without bile acids and salts. 

In the 7 eases of choleevstitis and/or cholelithiasis there was an elevation 
in prothrombin following four periods of Sorparin treatment and during seven 
periods of Sorparin-bile acids treatment. Medication was without appreciable 
effect relative to prothrombin in hepatitis with syphilis (Case 43, Table IT) 
and in intermittent common duct obstruction (Case 30, Table IL). Of the two 
eases (Cases 16 and 46, Table Il) of postsurgical biliary svndrome, a marked 
elevation in prothrombin was observed only in Case 46, and then when iron 
hile salts were administered with Sorparin. Apparently in the case of carcinoma 
of the head of the pancreas with metastasis to the liver (Case 49, Graph 3), 
there were sufficient functioning liver cells for prothrombin production in 
response not only to vitamin K, but also to Sorparin with bile acids. Case 50 
is diagnosed as ‘‘hypoprothrombinemia’’ for want of a better terminology. 
The ease is that of a healthy medieal student with no symptoms or demonstrable 
pathologie dyserasia except his persistent low basal prothrombin level. An- 
other study of this patient is presenting similar results. 

The question may arise as to the effeet of bile acids and salts alone on the 
prothrombin level. Cases 49, 21, and 22 (Graphs 3, 4, and 6), indicate that 
no elevation ean be attributed to bile acids and bile salts therapy alone. This 
was observed in 5 other patients not ineluded in this series of 14 eases. The 
foregoing statements and data submitted cannot necessarily be interpreted to 
mean that bile acids and salts alone cause either a depression or no increase 
in prothrombin, sinee similar results are possible without any medication what- 
soever, 


CASE REPORTS 


Case abstracts of 6 patients investigated for their prothrombin response to 


Sorparin medication follow: 


CASE 50 (Graph 1).—In a group of approximately 50 normal healthy men and women 
a 20-year-old white, male, medical student, was one of only two to show a plasma prothrombin 
level below 70 per cent. His initial prothrombin of 60 per cent fell to 45 per cent one week 
late A bromsulphthalein test was normal. One milligram of synthetic vitamin K daily for 
three days inereased his prothrombin from 36 to 95 per cent. Upon cessation of therapy the 
prothrombin level fell to S80 per cent in three days, and to 52 per cent in a week. Two weeks 


of Sorparin treatment (18 grains daily) brought the prothrombin level again to 95 per cent. 


\SE 10 (Graph 2).—A white female, aged 60 vears, had a history of cholecystitis and 


cholelithiasis for twenty vears. She began to show symptoms of hypertension and of occipital 
headaches, and her menses ceased. After one month of Sorparin therapy the relief from her 
biliary symptoms was complete. The basal prothrombin level averaged 45 per cent. When 
the patient was placed on 18 grains of Sorparin daily, the prothrombin level was between 70 


and S° per cent; on Sorparin with bile acids, it rose to 105 per cent, 


SE 49 (Graph 3).—A white female, aged 76 years, had jaundice with itching and 
acholi- stools for two weeks. The laboratory data revealed the serum bilirubin 6.7 mg. per 
ent, ippurie acid 1.85 Gm., nonfilling gall bladder, and prothrombin 32 per cent. Gall blad- 


der drsinage showed that the common bile duet was not completely obstructed. Surgery was 
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refused. A diagnosis of carcinoma of the head of the pancreas was made. Two milligrams ¢ 


evnthetie vitamin K with 7.5 grains of bile acids daily elevated her prothrombin level to 12 
per cent in two weeks. Eighteen grains of Sorparin with 7.5 erains of bile acids daily raise 
the prothrombin level from 55 to 120 per cent, and from 30 to 120 per cent in two subs 


quent periods of medieation. After twenty-two weeks of observation the patient’s condition 
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Graph 1. HY POPROTHROMBINEMIA (Case * 50) 
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Graph 2. CHOLECYSTITIS ; CHOLELITHIASIS (Case 10) 


became progressively worse. She died four months later. During the four-month peri 


7 2% 


was given very little bile acid, vitamin K, or Sorparin. Her prothrombin level average’ : 
per cent. The chief findings at autopsy were mixed squamous-cell carcinoma and 
eareinoma of pancreas with compression of normal bile duct and metastases to liver ar 


structive biliary cirrhosis of liver. 
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Case 21 (Graph 4).—A 55-year-old white female had a cholecystostomy, On her first 
postoperative visit to the Gallbladder Clinic four months later, the prothrombin was 955 per 
She was given Sorparin and bile acids, and her prothrombin gradually rose to 93 per 
cent. She was taken off of Sorparin and the bile acid dosage was doubled. In three weeks 
the prothrombin was down to 55 per cent. The same bile acid therapy was continued, but in 


addition she was placed on a high fat diet, and the prothrombin level averaged 76 per cent. 
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She wa- then placed on iron bile salts and Sorparin. There was an initial moderate fall in 
prothro hin followed by an increase (85 per cent). During the thirty-four weeks’ study this 
patient ad no complaints referable to the gall bladder. 

Csse 51 (Graph 5).—A 72-year-old white female with obstructive jaundice was admitted 
to the | spital, A cholecystostomy with removal of stones was done, and she slowly recovered. 
The g: ladder was drained for ten weeks. She was discharged and remained asymptomatic 
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for four months, when she had an attack of nausea, vomiting, and chills. She was readmitted 


to the hospital with sharp pain over the upper abdomen, jaundice, acholic stools, and deeply 





Laboratory tests showed a moderately diminished liver function. A chole 





colored urine. 





eystogastrostomy was performed because of a beginning stenosis of the common duct. The 





patient ’s convalescence was rather slow, but she was discharged markedly improved, Except 





for a slight distress in the epigastric region, her condition was excellent and she gained 60 
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pounds. Prothrombin studies were begun at this time. 





When bile acids supplement 







prothrombin level was elevated from 52 to 96 per cent. fo 

therapy, the prothrombin level dropped to 64 per cent. It rose again on Sorparin alone ! 

90 per cent. The patient was then placed on 12 grains of Sorparin and 15 grains of bil 

acids daily. The prothrombin level was first decreased to 55 per cent, and then rose to fr is 
da 





SO to 100 per cent. 
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CASE 22 (Graph 6).—A white female, aged 42 years, had a choleeystostomy with removal 
of stones in 1936. Her symptoms recurred, and three vears later a laparotomy was performed 
and the gall bladder region was explored. The gall bladder was found imbedded in a dense 
mass of adhesions, making it impossible to do any operative procedure. Gradually there was 
a recurrence of nausea, occasional vomiting, and recurrent, transient jaundice. 


third 


She was ad 


mitted for the time. Laboratory examinations at this time revealed normal serum 


bilirubin, hippurie acid, and galactose tolerance. However, her prothrombin level was dimin 
ished to 52 per cent. She was placed on 6 grains of Sorparin with 11.25 grains of bile acids 


daily for one week. Her prothrombin increased to 75 per cent. When next seen in the Gall 
hladder Clinie one month later, the prothrombin level was 37 per cent, and she was on bile 
acids only, She was placed on Sorparin along with bile acids, and the prothrombin rose to 
105 per cent in two weeks. At this time bile acid therapy was discontinued, and on Sorparin 


alone she maintained a prothrombin average of 70 per cent. 


TABLE IV 


CLINICAL RESULTS OF THERAPY WITH SORPARIN, KerocHoL, AND BILRON 
SORPARIN 


RELIEF NO RELIEF RELIEF NO RELIEI 
(% ) / ) 7) (% 


KETOCHOL BILRON 


NUMBER 


DIAGNOSIS 
FP CASES 


RELIEF | NO RELIEF 
c) % ) Y 


Chronic cholecystitis 
Cholelithiasis 


~.) 


S6 


3) 
28 


id 


SD 


Cholecystopathy D0 é 0) 
Endocrinopathy 60 
Hepatitis 85 


Postcholecystectomy 50 
Postcholecystostomy 
Avitaminosis ‘* A’’ 


MISCELLANEOUS CLINICAL FINDINGS 


In chronie cholecystitis (proved by cholecystography, duodenal intubation, 
and surgery) complete relief of symptoms with Sorparin was obtained in 36 
per cent, partial relief in 36 per cent, and no relief in 28 per cent of the cases 
receiving 18 grains daily. When these patients were given unconjugated- 
ketocholanie acids (Ketochol), 7.5 to 22.5 grains daily, or iron bile salts (Bil- 
ron), 9 to 15 grains daily, the incidence of relief from symptoms was approxi- 
mately the same. In some instances Sorparin gave relief when Ketochol and 
Bilron did not, and in some patients the reverse was true. When given alone, 
Without antispasmodies or special diets, Sorparin produced satisfactory results 
in half of the patients who obtained relief. However, its aetion was enhanced 
When the diet was regulated,t and antispasmodies and sedatives were adminis- 
tered. Patients who had been subjected to choleeystectomy or choleeystostomy, 
and who had reeurrence of their symptoms, obtained partial or complete relief 
ina slightly lower (10 to 20 per cent) percentage of instances than when no 
surgery 


but it 


was done. Sorparin will give relief in choleeystopathie dyskinesia, 


s not as effective as bile salt and/or bile acid preparations. It is an 


Interes!ing fact that patients in menopause experience considerable relief when 


Sorparin or bile acids or bile salts are given for their associated biliary com- 
plaints 
forthe 


an observation in this series of cases for which an explanation is not 
ing at this time. 


Ti. length of time Sorparin must be administered before symptomatic relief 
ls obtained is variable, but usually results are noticeable in seven to fourteen 


days. Gut as in any other type of medieal therapy no permanent cures can 
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he obtained. These patients need controlled supervision, re-education as_ to 





diet and habits, and correction of infections, metabolie dycrasias, and the like, 






which are so common in patients suffering from biliary disease. In short, 






Sorparin, like bile salt and bile acid preparations, is not a panacea for chronic 
vall bladder and liver disease, but it does dispel the symptoms in many patients 








who suffer from these diseases. 





No toxie svmptoms attributable to any of the drugs discussed in this paper 






were encountered, 
COMMENTS 








The extensive literature in the field relating to prothrombin and = vitamin 
K has been reviewed by Smith and co-workers? and Warner.’° That vitamin Kk 







is necessary for the production of prothrombin has been definitely established. 





Warner!’ cites as natural sources of this vitamin, green vegetables, such as 
alfalfa, spmach, and kale, and putrified fish meal. There have been no reports 
of its occurrence in fruits. MeKee and his associates’? found that the active 






principles, vitamins Ky and Ko, isolated from alfalfa and putrified sardine meal, 
respectively, have a quinoid structure. Of the numerous quinoid compounds 






which have been synthesized, the most potent biologically has been found to be 
2-methyl-1,4-naphthoquinone.*°) This compound was employed in this stud) 






for comparative purposes. 






Little is vet known coneerning the optimum dosage of vegetable and animal 





concentrates or synthetic compounds of known vitamin K activity to be employed 
clinically. In the cases reported here 1 Gm. of the alcohol extraet (Sorparin 
equivalent to 2.5 Gm. of the dried berry of the European mountain ash, was 







the maximum daily dosage. Similar studies with extracts from other natural 






, sources in their effects on the prothrombin level in man have been made )) 
others. Smith and co-workers’ administered extracts, representing 300 to 400 






‘ (im. of alfalfa meal daily, and obtained a rapid rise (three to eight days) in 






the prothrombin level. Stewart’ gave his patients a daily dosage of extracts 
‘ equivalent to from 140 to 700 Gm. of spinach. 
In the hemorrhagic chicks comparable results in the lowering of the clotting 








time were obtained by feeding one part by weight of 2-methyl-1,4-naphtho- 
' quinone to 400,000 parts of Sorparin. In respect to the prothrombin level in 
: man the ratio by weight was one part of the pure synthetic compound to 400 







parts of Sorparin. This variance in activity in the human being and in the 






chiek is significant. 
In another section the approximate analyses of the extract of the European 






mountain ash berry was presented. Among the known constituents of this 






extract are rare carbohydrates and dibasie acids and their derivatives. — In- 






formation is limited concerning the degree and mode of bacterial synthesis {rom 





other materials of vitamin K in the intestinal flora of mammals. Accordingly, 





until adequate chemical identification and biological assay of the active principle 





or principles of this extract are completed, no definite reference of its activity 
in coagulation can be made to the presence of Vitamin K compounds wiih or 






without a quinoid configuration. 
Aside from raising the plasma prothrombin level, Sorparin produced symp- 
tomatic relief of subjective complaints in a large percentage of patient» (UP 
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to 72 per cent). This observation is interesting in that Sorparin has no known 
cholagogie or choleretie activity. The exact mode of action is not clear, since 
the known vitamin K compounds do not produce similar results. 


CONCLUSIONS 


1. The administration of the dried berry of the European mountain ash, 
Sorbus aucuparia L., and its extracts to hemorrhagic chicks significantly reduced 
their clotting time. A synthetic vitamin Ko compound, 2-methyl-1,4-naphtho 
quinone, was employed as control, 

2. Fourteen patients with various types of biliary and hepatie disease were 
investigated for their plasma prothrombin response to the alcohol extract 
(Sorparin). In the total of 25 periods of medication in these patients, of this 
extract, with or without bile acids and salts, 72 per cent showed marked increase 
in the prothrombin level; 20 per cent, slight increase; and & per cent, decrease. 
Significant elevation of the plasma prothrombin was observed after Sorparin 
therapy in all 7 cases of choleevstitis, with or without cholelithiasis. A ease of 
idiopathic hypoprothrombinemia is reported. 

3. Climieal studies reveal that approximately 72 per cent of the patients 
in this series afflicted with chronic cholecystitis, with or without stone, post- 
surgical biliary disease, and hepatitis obtained svmptomatie relief when given 
18.0 grains of Sorparin daily. This compares favorably with the results ob- 


tained with bile acid, salt preparations, such as Ketoehol and Bilron. 


We are indebted to the MeNeil Laboratories for the extract of the Kuropean mountain 
ash berry (Sorparin); to G. D. Searle & Co. for the uneonjugated-ketocholanie acids 
Ketochol); to Eli Lilly and Company for the iron bile salts silron). 
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Hi superior mediastinum is the great transportation center of the body 

Through it passes all food on its way to the gastrointestinal tract, all ain 
which enters and leaves the lungs, all Ivmph in the thoracie ducts, all blood 
which leaves the heart and which returns to it from the superior half of the 
body. It is surprising that obstructive symptoms do not develop more frequent] 
than they do in this crowded region. It is more surprising still when. the 
frequency with which the numerous mediastinal lymph nodes are involved in 
tumetfactive processes due to inflammatory, tuberculous, and neoplastic lesions 
is reealled. 

The anterior and posterior boundaries of the superior mediastinum ar 
firm and unyielding parts of the thoracic wall. The lateral boundaries are 
elastic, being separated from the spongy lungs by nothing more than the pliable 
pleural layers. Space-occupying lesions can thus expand laterally. 

The trachea is well protected by its cartilaginous rings. Although fre- 
quently displaced, it is rarely collapsed by extrinsie pressure sufficient to 
produce obstructive symptoms. The esophagus les in a somewhat protected 
region, and its elasticity and power of independent motility make serious fune- 
tional impairment from extrinsic pressure rather uncommon. The great arterial 
trunks not only have firm walls, but the contained blood is under” pressur 
sufficient to prevent interruption of the flow by any external foree of reasonable 
intensity. 

The large mediastinal veins, on the other hand, are thin-walled, and_ the 
blood flowing through them is under very low pressure. Furthermore, these 
veins are anteriorly situated nearer the unyielding bony thoracie cage, against 
which they may be compressed by expanding mediastinal lesions. These veins 
drain blood from the upper half of the body only: from the upper extremities, 
the head, neck, and thoracic wall. Obstruction to flow of blood in these im- 
portant channels will produce localized symptoms and signs pathognomonie of a 
mediastinal lesion. Since these vessels are readily compressed, sueh manifesta- 
tions may be early indications (sometimes even initial symptoms) of serious 
mediastinal disease. These phenomena may be ascribed to delayed cireulation 
time, increased venous pressure, and collateral diversion of the blood stream. 
All these factors are amenable to objective study and graphie demonstration. 
They are not uncommon, but they are frequently overlooked and are not 
adequately stressed in medical literature. 

*From the Division of Medicine, the Mayo Clinic, Rochester. 
teceived for publication, May 26, 1941. 
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This paper is based on a study of 31 cases of obstruetion to the larg 
thoracic veins. Condensed summaries of pertinent data in a few eases will be 
found in Tables [and Il. We shall record and illustrate certain eclinieal aspects 
of mediastinal venous obstruction, with objeetive measurements of the cireula 
tory phenomena demonstrated. We have seen all the patients in consultation. 
No effort has been made to study eases in the clinie files in whieh the patients 


were examined by other physicians. 
TABLE II 


CAUSES OF MEDIASTINAL OBSTRUCTION IN 31 CASES 


CLINICAL DIAGNOSIS MALES FEMALES TOTAI 
Careinoma of bronelus Ss 0) 5 
Lymphoblastoma | 2 6 
‘* Mediastinal fibrosis’’ > 3 8 
Pericardial constriction (?) 0) 2 2 
Metastatie carcinoma 2 l o 
\ortie aneurysm 2 0 2 
Primary malignant mediastinal tumor l l 2 

Total 22 4 


METHOD 

The venous pressure Was measured I) the direct method. For this purpose 
a point of reference was taken 5 em. below the fourth interspace at the right 
border of the sternum. The vein was placed at this level by means of a T-squar‘ 
arrangement with a carpenter’s spirit level. A three-way stopcock was used 
between the svringe and the needle. A manometer tube graduated in milli- 
meters was attached to the upright portion of the stopeock, and the direction of 
flow was controlled by means of a three-way valve. A 3 per cent solution of 
sodium citrate was placed in the syringe to prevent clotting of the blood. 
Venipuneture was made in the ordinary manner, after whieh the mixture of 
hlood and citrate was forced up into the manometer tube. When the manometer 
tube was connected directly with the vein, the fluid fell in the manometer tube 
until its pressure equaled that in the veins. By this method the normal venous 
pressure was found to vary from 40 to 120 mm. of water. Clinieally, it) was 
found that the pressure in the veins could be simply estimated by observation 
of the level above the heart at which the veins on the dorsum of the hand would 
collapse when the arm was raised. 


The circulation time was measured by injection of 5 ¢.e. of a 20 per cent 
solution of sodium dehy drocholate* into the antecubital vein: the time that 
elapsed before a bitter taste was noted in the patient’s mouth was eheeked by a 
stop watch. This procedure constituted rough measurement of the pulmonary 
circulation time; normally, it varies from twelve to seventeen seconds. 


> 
()- 


Infrared photographs were made by the Mayo Clinie Department of 
tography under the direction of Mr. Leonard A. Julin. Films sensitive to 
infrared rays and a suitable filter were used. 

SYMPTOMS OF MEDIASTINAL OBSTRUCTION 

The symptoms commonly produced by compression of the great veins of 

the thorax are characteristic. In most of our cases the lesion had develo) ed 


*Decholin (Riedel-DeHaen, Inc., New York N. Y. 
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rather slowly and had been present long enough to permit fair cireulatory 
compensation to develop. If obstruction develops more rapidly, alarming edema 
of the upper half of the body may occur, 

Most patients in our series were relatively comfortable as long as gravity 
was aiding the return flow of blood. Distress was manifest chiefly on stooping 
or bending forward, or when exertion accelerated the flow of blood beyond the 
capacity of the anastomotic vessels. Undoubtedly, temporary increased cerebral 
congestion occurred at such times to explain the vertigo, throbbing sensations, 
and sometimes confusion and headache of which the patients complained. In 
one instance, syncope was frequent, and in another instance, convulsions oc- 
curred. Externally, suffusion and cyanosis of the face were seen, with very 
prominent engorgement of the veins of the forehead, face, and neck, and some- 


times apparent prominence of the eves. On the patient’s resuming erect posture, 





Fig. 1.—a, Infrared photograph of thorax: superior vena caval obstruction; note anas- 
tomoses between jugular veins, cephalic veins, and perforating branches of the internal mam- 
mary veins. b (Case 2), Mediastinal fibrosis; infrared photograph showing anastomotic veins 
on anterior thoracic wall caused by superior vena caval obstruction. 


many seconds might pass before circulatory conditions became stabilized. Al- 
though moderate orthopnea frequently was mentioned, the symptoms were 
minimal at night, when the circulatory rate was slowed naturally because of 
inactivity. Dyspnea was a frequent complaint and was thought to be caused 
more by circulatory embarrassment than by obstruction of the air passages. 


LOCALIZATION OF THE OBSTRUCTING LESION 
Blood from the upper extremities drains into the subelavian veins. These 
are joined by the jugular veins to form the innominate veins. The right and 
left innominate veins unite to form the superior vena cava. Near the upper 
end of the superior vena cava the azygos vein contributes blood from the 
thoracic wall. The superior vena cava ends in the right auricle. 
the superior vena cava is obstructed above the level of the azygos vein, 
the latter may serve as an important collateral channel. In this instance, blood 
trom the head and neck will follow the external jugular veins io a plexus on the 
anterior thoracie wall. Blood from the arms will reach the same plexus by 
Way of the cephalie veins. This plexus may form prominent anastomoses with 
the bertorating branches of the internal mammary veins, and thence to the 
intercostal veins which are drained into the azygous system (Fig. la and b). 
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If surgical treatment is being considered, it is desirable to localize the sit: 
of obstruetion accurately. In other cases it is interesting to do so, and prognosis 
may be affeeted by the findings. 

Simple inspection and the determination of direet venous pressures should 
he adequate to localize obstruction of high degree. If a subelavian vein is in 
volved, the phenomena of distention and increased pressure will be limited to 
the veins of one arm. If the veins of one side of the neck, especially the external] 
jugular vein, and the veins of the arm on the same side also are involved, 
») 


the innominate vein on that side also will be involved (Fig. 2a). The left 


innominate vein is much more frequently involved because of its longer course. 





Fig. 2.—a (Case 20), Carcinoma of the bronchus, left upper lobe of lung and metastasis 
with obstruction of the left innominate vein; note asymmetric distribution of anastomotic veins. 
b (Case 18), Mediastinal lymphoblastoma; the superior vena cava is obstructed below the 


level of the azygos vein; note lateral abdominal veins. 


If the veins of the neck on both sides and in both arms are similarly involved, 
the lesion may be considered to be situated in the superior vena cava. We 
believe that it is possible to determine further whether the obstruction is situated 
above or below the level of the azygos vein in certain instances of obstruction 
of high degree. A prominent plexus of large veins may be seen over the sternum, 
often clearly connecting with perforating branches of the internal mammary 
vein. It becomes obvious that blood is seeking a route to the intercostal vessels 
which drain into the azygous system. It, therefore, may be concluded that the 
obstruction is situated above the level of the azygos vein. Because of the relative 
efficiency of this route of communication, in these cases venous pressures are not 
so high, symptoms are not so severe, and external appearances are most striking. 

If the entire superior vena caval system, including the azygos tributaries. 
is obstructed, blood must return to the heart through the inferior vena cava. 
Large veins in such circumstances cross the costal margin, and blood flows Gown- 
ward over the abdominal wall (Figs. 2b, 3a and b and 4). Venous pressures 


are high and symptoms are severe. If obstruction is situated in the superior 
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obstruction, except that blood flows in the opposite direction. Prominent tor 
tuous vessels cross the costal margin and pass downward, chiefly in the lateral 
epigastric region on either side. These vessels may be traced toward the e@roin 
It is possible to determine the direction of flow by compression of both ends 
of a segment of the vein with the fingers after the blood has been pressed out 
[If the lower finger is released, the vein refills slowly or not at all, whereas i! 
the upper finger is removed, the vein refills almost instantly. 


e 





Fig. 5 (Case 4).—Infrared photograph of left side of thorax: carcinoma of bronchus with 
superior vena caval obstruction. Note dilated veins and fine superficial varicosities in the 
inferior midaxillary region. 


COMMENT 

There is another type of visible vaseular change that is produced hy 
mediastinal lesions. It is unlike the large, tortuous varicosities previously 
deseribed and illustrated. It consists of small, superficial, rather tortuous 
groups of dilated, purplish venules, closely grouped in bunches and invarially 
situated along the anterior costal margins. The blood contained within. these 
venules appears to be under increased pressure. It is diffieult to photograph 
these vessels except with the aid of color films, but they are shown fairly well 
in Fig. 5 in contrast to the large veins. They are somewhat similar to the fine 
venules situated across the costal margins of normal persons, especially elder) 
men, and those who have a thorax of the shape of a thorax affected by em- 
physema. When a mediastinal tumor is present, these venules have a muel 
more engorged appearance, and the vessels are larger, more numerous and mor 
tortuous. They have a dark purplish appearance, unlike the fine pink or |ight 
blue hairline vessels situated along the costal margins of apparently normal 
persons. When the venules are associated with progressive mediastinal lesions, 
they usually appear rather suddenly, attracting the patient’s attention. We 
have seen a few instances in which these small varicosities in the costal margins 
constituted the first objective evidence of mediastinal disease, and their sig- 
nificance was not realized by either patient or physician. We believe that the 
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rapid development of such vessels in this situation constitutes definite indica- 


tion for roentgenographie study of the structures within the thorax. 


Cireulatory disturbances were the most prominent clinical features in many 


cases in this series. 


which persuaded the patient to seek medical aid was of circulatory origin. 


In more than a third (12) of the eases the chief disturbance 


In 


about a fourth (9) of the cases there was definite circulatory embarrassment, 


hut this condition was secondary in importance to others. 


In the remaining 


eases minimal or no subjective discomfort was reported, despite objective evi- 


dence of impaired circulation. 


is Important to note tha i ¢ireculatory phenomena may be the earliest 
It tant to note that the circulator 


manifestations of mediastinal disease. They were noted as prominent early 


symptoms in at least half (16) of the cases of this series. 


In several instances 


experienced physicians had failed to recognize these symptoms as early evidences 


of mediastinal obstruction. In other instances it was possible to predict that 


malignant disease had already metastasized to mediastinal lymph nodes beeause 


of the cireulatory disturbances noted. 


This conelusion afforded valuable evi- 


dence of inoperability in cases of malignant thoracic disease. 


The duration of symptoms previous to diagnosis naturally depended some- 


what on the nature of the obstrueting lesion. In eases in which lesions were 


eaused by malignant tumors, symptoms were of recent origin and of progres- 


sive severity. 


In cases of ‘mediastinal fibrosis’? symptoms often had been pres- 


ent for years without evidence of progression. In 5 cases symptoms had been 


present for only a few weeks; in 8 additional cases symptoms were first noted 


within six months of the time we examined the patients. 


Kight other patients 


had noted cireulatory disturbances for periods of from one to eight years. Ten 


patients had minimal symptoms or none at all. 


Although prolonged duration of symptoms is eonvineing evidence of a 


henign lesion, a history of recent progressive symptoms does not exclude the 


presence of a benign inflammatory lesion. When symptoms were of reeent 


origin, progressive and severe, with tumor not demonstrable in roentgenograms, 


we were inclined to regard the lesion as being inflammatory, and in three such 


cases, in which the patients underwent surgical exploration, such a eonelusion 


proved to be correct. 


The objective circulatory measurements recorded appear in Table IT. Photo- 


graplis made by infrared radiation show a striking exaggeration of the visible 


venous collateral channels. In no instance did infrared photography establish 


a diagnosis which could not have been made by easier methods. The value of 


this procedure is apparently limited to the production of illustrations for stud- 
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clinical diagnoses and distribution of cases according to sex of patient 
mmarized in Table II. The great preponderance of men is due in part 
vell-known fact that carcinoma of the bronchus is encountered much 
equently among men than among women. 


term ‘‘mediastinal fibrosis,’? as we have employed it, is not entirely 


‘ory and deserves explanation. We have used it to denote cases in which 
ould not be demonstrated roentgenographically and in which duration 
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toms or surgical findings appeared to exclude malignant disease. In 3 
which the patients underwent surgical exploration the obstruction ap- 
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peared to result from fibrosis, and the fibrotic process probably surrounded 
healing tubereulous lymph nodes of the mediastinum. In 2 other eases roent 
venographie evidence of unusually prominent ealeified Iymph nodes in the supe 


rior mediastinum was noted. In the remaining 3 cases long-standing sym] 


toms of obstruction for periods of years made this elinieal diagnosis appear 


probable. Measurements of circulatory changes were obtained in 6 of the & 
cases (Table T) 

In the 2 eases in which the condition was recorded as being caused by peri 
cardial constriction, such constriction was not proved to exist. Evidence indi 
cated the obstruction to be situated below the entranee of the azygos vein into 
the superior vena cava, and in both eases severe rheumatic heart disease was 
present. In the remaining cases the diagnosis was based on results of bronehos- 
copy, biopsy, necropsy, or roentgenography. 

The therapeutic test of roentgenologic irradiation frequently was employed 
when types of lymphoblastoma were suspected to be present. It was realized 
that such treatment might increase the harmful effects of mediastinal fibrosis if 
undertaken too vigorously ; henee, the treatment usually was restricted to dos 


age considered adequate to accomplish the therapeutic test. 
SUMMARY AND CONCLUSIONS 


Simple inspection is adequate to reveal evidence of serious venous blockage 
in the superior mediastinum and to indieate the probable site of the lesion. 
Infrared photography will produce a striking record for illustrative purposes, 
but it is not necessary for diagnostic purposes. The increase in venous pres- 
sure in the arms ean be roughly shown by determination of the level at which 
the veins empty on elevation of the arms. Direct measurement of venous pres- 
sure affords a much more nearly aeeurate record. Accurate measurements o! 
venous pressure have practical value when it is desired to know whether 
lesion is progressing or regressing, especially following irradiation therapy, o! 
when surgical intervention is contemplated. The circulation time may be great) 
prolonged bevond the point of obstruction in the vein. 

The prominence of collateral veins bears no close relationship to severity ol 
symptoms. As collateral varicosities increase in size, symptoms may regress. 
The height of venous pressure is not so closely correlated with symptoms as 
might be expected. Symptoms are more severe if the superior vena @ava is 
obstructed below the point at which the azygos vein enters it, although visibl 
varicosities may be less striking. When obstruction develops above the level ot 
the azygos vein, symptoms are milder and collateral channels are more impres- 
sive than they are when obstruction occurs below the level of the azygos vein. 

Prognosis is dependent strictly on the nature of the lesion. Tf it is not 
progressive, a degree of compensation is likely to develop; this may permit tli 


patient to live indefinitely in fair comfort. 
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CLINICAL CHEMISTRY 


ANDROGENIC. AND ESTROGENIC. SUBSTANCES INO URINE OF 
EUNUCHOID AND CASTRATE MEN® 


CHANGES FOLLOWING ADMINISTRATION OF TESTOSTERONE PROPIONATE 


James B. THamimrox, Pu.D., Raueu tT, Dorreman, Pu.D.. AND 
GILBERT R. Hupert, M.D., New Haven, Conn. 


METHODS, MATERIALS, AND SUBJECTS 


Hi present use of castration as a therapeutic procedure in men with meta- 

static prostatic carcinoma (Ilugeins and associates, 1941) has led us to sum- 
marize our studies and to review the literature pertaining to biologieal assay of 
androgens and estrogens in castrate and eunuchoid men and to indicate changes 
in these values found upon administration of exogenous androgens. 

All samples of urine were collected over periods ot twenty-four consecutive 
hours, usually four or more days being included in each specimen. The exact 
number of days is listed for each subject in Table I. Urine was preserved with 
toluene and extracted within two weeks, except that of Case 7, the extraction 
of which was delayed for four weeks. Extraction was done with benzene in a 
continuous extractor by the method of Gallagher and others (1937). A mini- 
mum of 15, and usually 20, chicks were used for each androgenic assay which 
Was nade according to the method of Dorfman and Greulich (1957). Deter- 
minations are held to be accurate within +25 per eent but their aecuracy is prob- 
ably greater. Values are expressed in international units (1.U.), one I.U. being 
equivalent to the inerease in comb weight evoked by 0.1 mg. of androsterone. 

\fter extraction of the urine with benzene in a continuous extractor, the 
alkali-soluble fraction of the urinary extract was separated and assayed for 
estrogenic activity In adult spayed mice. Ten or more mice were used for each 
estrogenie assay. The results were expressed in international units (I.U.), one 
LU. being equal to the estrous growth of the vaginal epithelium evoked by 
0.1 pe of estrone. The aeceuraey of the method is probably at least #50 per cent. 

e subjeets were 4 castrated men, 2 o6phoreetomized women, and 7 hypo- 


gonade! men. Five hypogonadal men are prepubertal eunuchoids; two (Cases 
land 6) were deprived postpubertally of adequate testicular funetion in at- 
lempted surgieal repair of hernia. The term eunuchoid is applied to men who, 
altho possessing testes, do not have adequate testicular funetion. Brief de- 
scription has been given of Case 4 (Hamilton, 1937). For each patient the age 
and er of vears since castration are listed in Table I. 

oe 1 the Department of Anatomy, Adolescence Study Unit and Laboratory of Physio- 


mistry, Department of Pediatrics, respectively, Yale University School of Medicine, 


New Hi . 

R » rted in part by grants from the International Cancer Research Foundation, the 

tockefi Foundation, and the Fluid Research Fund of Yale University School of Medicine. 
R ved for publication, May 19, 1941. 
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Twenty milligrams of testosterone propionate® in 1 cc. of peanut oil were 
administered intramuscularly from three to seven times weekly, as deseribed 
individually for each patient in Tables I and II. 

RESULTS AND DISCUSSION 

Urinary Androgens and Estrogens in the Eunuchoid and Castrate.—(1) 
Androgens. Until recently androgens have been reported to be absent in uring 
of castrate men (MeCullagh and Renshaw, 1934), but with the use of better 
methods positive findings have been recorded. Data from studies in whieh the 
excreted substances were calculated in international units of activity are ab- 
stracted and compared in Table I, together with the additional cases reported 
at this time. 

TABLE II 


URINARY LEVELS OF ANDROGENS AND ESTROGENS PER TWENTY-FOUR HourRS BEFORE AND DURING 
PERIODS OF Dainty INJECTION INTRAMUSCULARLY WITH 20 MG. OF TESTOSTERONE PROPIONATE 
IN 1 c.c. OF PEANUT OI! 


BEFORE ADMINISTRATION OF HORMONE DURING ADMINISTRATION OF HORMONE 
| | URINE COLLECTED 
CASE | NO. OF DAYS| ANDROGENS | ESTROGENS Soe ea ANDROGENS! ESTROGENS 
: : toa » ee : DAYS SINCE es 
URINE (1.U./24 (1.U./24 NO. OF eniae ae LEU. (Ew. 
COLLECTED HR.) HR. ) DAYS gece ies 24 HR.) 24 HR.) 
TREATMENT 
| 6 13.5 S10 Lt (3, 4:.5.6,9, 10, 12, 69 15 
t3,/25, 26,27, 30 
2 S os i] 11 }, 4.0, 6, 9, 16, 12, 12 100 
13. 30; 31, 02 
) | 20.5 22 11 |3, 4, 5, 6, 9, 10, 12, 66 78 
iS, dU: ols oe 
S } } 11 10 | 4,:0;.6,.7,.9; 10, 11, 69.4 21.5 
12 ES 5D 
1 | 14 12 1 |26, 27, 28, 29 89 1] 





*Case & received only six injections per week. 


In our series the eunuchoids have levels of urinary androgenie activity in 
the lowest part of the range found in normal voung men, and the values for 
urinary androgeni¢ activity of every eunuchoid are greater than in any castrate 
except Case 2 (Fig. 1). It is noteworthy that despite these facts all persons 
classified as eunuchoid had organic evidence of continuously inadequate testicular 
secretion. For example, Case 3, who excreted 20 1.U. of androgens daily, pre- 
sented the most severe state of genital underdevelopment that we have observed 
in an adult male. The serotum was a small, flat band of tissue without pendulous 
form. The penis was 2 em. in length, 0.5 em. in diameter, and the prepuce was 
undetached from the glans penis. As estimated from roentgenographie study 

' the wrist the osseous age was many vears less than the patient’s actual age. 

Although striet comparability is not to be expected among studies made in 
different laboratories, since the methods employed differed in several details, the 
arious data are uniform in suggesting that the castrate rarely exeretes more 
than 20 1.U. of androgeniecally active material daily, whereas the levels in the 


inuchoid are usually higher than in castrates and may be within the lower 
mits found in normal men. The daily values in normal men have been stated 
Gallagher and co-workers (1937) to be 22 to 182 [.U., by Dingemanse and 
associates (1937), 15 to 170 1.U., and by Callow and co-workers (1938), 20 to 
110 T.U. 
*Testosterone propionate was furnished through the courtesy of the Ciba Pharmaceutical 
mpany Products, Inc., Summit, N. J., under the trade name Perandren. 
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(2) Estrogens. The presence of urinary estrogens has been demonstrated 
for castrate men and odphorectomized women (Bingel, 1935; Hansen, 1956a ; 
Kenyon and associates, 1957). In the patients reported by the present authors 
the range of values is 5 to 28 I.U. for castrates, § to 50 T.U. for eunuchoids 

Table 1). These titers are less than those reported for normal men whose range 


in daily values is 20 to 290 T.U. according to Gallagher and associates (1937). 
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men excrete appreciable quantities of androgens, but the output of the castrate man (average 
7.5 1.U.) does not fall within the range, much less the average of normal men (range fron 


about 20 to 120 1.U., average about 66 1.U.). The range of excretion among the eunucho 
sroup extends from that of the castrate to the lower limits of the range in normal men. Data 
for men with testicular insufficiency are from cases reported by Hamilton and Dorfman !! 
Table I 


COMMENT 


The testes play a major role in men in the production of both androgens 
and estrogens. Orehidectomy or hyposecretion of the testes is accompanied | 
subnormal levels but not by absence of sex hormone activity in the uril 
Extragonadal sources of these urinary steroids or their precursors may be th 
adrenal glands, as indicated by the excretion of large quantities of steroids 
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certain patients with adrenal tumors (Slot, 1936; see Dorfman and co-workers, 
1940), but specifie designation of these glands as the sole source is not war- 


ranted by available data. 


EFFECT OF ADMINISTRATION OF ANDROGENS UPON URINARY LEVELS OF GONADATL 
SUBSTANCES IN THE EUNUCHOID AND CASTRATE 


Urinary Androgens——In 1937 Kochakian reported that after injection of 
male hormone extraets from urine and of androstendione, about 2 to 6 per cent 
of the activity represented in the administered substances could be recovered 
from the urine. Callow (1938) found that after injection of testosterone pro- 
pionate there was very little additional or even less urinary androgenic activity 
save in the ease of two eunuchs who received fairly large doses. In 1939 (Dort- 
man and Hamilton) assays of urine from eunuchoids receiving testosterone 
propionate showed considerable increase in androgenic titers, which in one in- 
stance in terms of molecular conversion of testosterone to androsterone, amounted 
to approximately 41.4 per cent. In man conversion to androsterone of a large 
portion of testosterone has been demonstrated by the isolation of large quantities 
of androsterone from urine of patients receiving testosterone (Callow, 1939; 
Dorfman, Cook, and Hamilton, 1939). 


TABLE III 


PERCENTAGE OF ADMINISTERED ANDROGEN RECOVERED AS URINARY ANDROGENS AND ESTROGENS 


RECOVERY AS ANDROGENS RECOVERY AS ESTROGENS 
(CALCULATED AS ANDROSTERONE ) (CALCULATED AS ESTRONE ) 
CASE WITH ALLOWANCE WITH ALLOWANCE 
rOTAL EXCRETION |FOR POSSIBLE ENDOG TOTAL EXCRETION |FOR POSSIBLE ENDOG 
(%) ENOUS ANDROGEN (%) ENOUS ESTROGEN 
(%) (%) 
] $1.4 32.9 0.03 0.02 
2 13.1 S74 0.06 0.04 
3 395 OG 0.05 0.038 
S 18.3 $6.1 0.02 0.02 
f 5S 2 $4.8 0.01 0.01 


5 The above fizures were computed from data in Table IL; the following instance of Case 
2 illustrates the method of calculation: 


Daily injection of 20 mg. of testosterone propionate 16.7 mg. of testosterone. 

Average daily androgenic excretion in days tested te hes 

72: 1.U., caleulated as androsterone 7.2 mg. or 41.3% recovery. 

If endogenous androgen were still excreted at levels observed prior to therapy, 72 I.U. 
minus 9.4 IU. 62.6 I.U. net excretion 37.7% recovery. 

Average daily excretion of estrogen in days tested 100 I1.U. 

100 1.U. calculated as estrone 0.01 meg. 0.060 recovery. 

If endogenous estrogen were still excreted at levels observed prior to therapy, 100 T.U. 
n ison. 1.33. 69 I.U. net excretion 0.0400 recovery. 

Probably the chief androgenically active compound in these urines is androsterone, as 
computed; but the urinary estrogenic substance, although phenolic, may not be estrone, Cal- 
culuted as estriol, figures for percentage recovery are increased by a multiple of 50. 

The relatively high percentage recovery in Case 4 may be due to the fact that the assays 
we made only after therapy had been given for several weeks. The figures would be higher 
al n the other cases if allowance had been made for the quantities excreted after cessation 
of therapy. 

; Values for Case 1, taken from other studies (Dorfman and Hamilton, 1939), are included 
In bles Il and III since these data were not calculated in the form used here. 


The figure for percentage reeovery (calculated as androsterone) reported 
previously is substantiated by data from four additional cases which are sum- 
marized in Table III and confirmed by the observations made independently by 
Hoskins and others (1939), and by McCullagh (1939). It is interesting that 
the percentage recovery is highest with subcutaneously implanted pellets of 
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testosterone propionate (Dorfman and Hamilton, 1941), less with intramus 


cular injections, and apparently even lower with oral administration (Dorfman 


and Hamilton, 1940). 


In addition to androsterone there has been recovered from the urine of 
eunuchs and eunuchoids given testosterone propionate, etiocholanol-3 (@)-17-one 
(Callow, 1939; Dorfman, 1940), and etioallocholanol-3(B)-17-one (iso-andro- 


sterone) (Dorfman, 1941). Another androgen of human urine, dehydro-iso-an 
drosterone, has not been demonstrated to be a metabolite of testosterone. 

From the foregoing comments it is evident that androsterone is very largely 
responsible for the androgenie activity of substances found in the urine after 


administration of testosterone to eunuehoids. The values observed are 


listed in Table II, from which it will be seen that in all of these instances 20 
mg. of testosterone propionate injected intramuscularly seven times (six times 
in Case 8) weekly sufficed to maintain during the period of treatment urinary 
levels of androgens of approximately the average seen in normal young men. 
This is in agreement with the earlier report of Dorfman and Hamilton (1939 
with daily intramuscular injections of 20 me., and is in general agreement 
with the findings of Hoskins and co-workers (19359), with injections of 25 me, 
daily. 
TABLE IV 


CASE 8 SHOWING EXTREME LOWERING OF LEVELS OF URINARY ANDROGENS WILLEN WEEK 
INJECTIONS OF TESTOSTERONE PROPIONATE ARE 60 MG. INSTEAD OF 120 MG. 


TREATMENT WITH 120 MG. OF TREATMENT WITH 60 MG. 01 
TESTOSTERONE PROPIONATE TESTOSTERONE PROPIONAT! 
WEEKLY DAYS SINCE BEGINNING WEEKLY 
OF THERAPY 
URINARY ANDROGENS URINARY ANDROGENS 
(1.0./24 HR. (1.U./24 HR.) 

2 9.2 

o 0.2 
52 Land 5 

4 15 
17 6 and 7 
89 9 and 10 
70 11 and 12 

21 13 
SY D4 and 55 


If the dose is only about one-half of the amount (20 mg. of testosterone 
propionate daily) usually used in the treatment of eunuchs and eunuehoids of 
this series, that is, if injections of 20 mg. are given only three times per week, 


values of urinary androgenie¢ activity were only slightly higher than observed 


before treatment and strikingly reduced from values observed with doub! 


the therapeutic dose (Table III). This observation requires confirmation, for 
only one person was studied in detail. 

Urinary Estrogens —Man exeretes relatively large quantities of urinary 
estrogens, about 90 to 120 1.U. daily, in comparison with 180 to 360 LU. 


excreted by women (Gallagher and co-workers, 1937). The source of tiecse 


estrogens is in part the testis, as indicated by the low estrogenic values 1 


castrated men. 


Thus it was logical to ascertain whether or not there was conversion ( 
androgens to estrogens. Steinach and associates (1936) found that the es ro- 
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venice activity in the urine of normal and castrate male rats was ereater after 
administration of urinary extracts and of androsterone; Steinach and Kun 
1937) observed that injection of men with 1,000 me. of testosterone propionate 
in doses of 50 me., three times weekly, resulted in increased urinary estrogenic 
activity from values of 0 to 36 R.U. per liter found before injections to titers 
of 1,200 R.U. per liter of morning samples after seven weeks of injection. 
Hoskins and co-workers (1939), write, ‘‘These high values are especially re- 
markable in view of the almost casual extraction conducted by shaking the 
urine twice with benzene and the absence of hydrolyzing procedures usually 
necessary to secure maximum yields of estrogens from urine.’’ 

Kochakian (1938) detected no augmented estrogenic activity in the urine 
of one normal dog and of four castrate dogs which received several testosterone 
compounds, androstendione, and urinary androgens. Nevertheless, despite the 
above evidence to the contrary, it now appears certain that in man, testosterone 
can be converted to a substance (s) that is active estrogenically (Hoskins and 
co-workers, 1939; Dorfman and Hamilton, 1939; Callow and co-workers, 1939). 

Table III shows the excretion of increased amounts of estrogenie sub- 
stances during the period of treatment and for a short while thereafter. 
Amounts mueh larger than those in the normal young man were not encountered 
under the conditions employed. The values of 0.06 and 0.02 per cent from 
five cases, calculated on the basis of estrone, stated independently by Hoskins 
and others (1939), and by Dorfman and Hamilton (1939) are in agreement, 
and are substantiated by data from four additional cases listed in Table III. 

The question arises as to the possibility of estrogenie action exerted directly 
by androgens or indirectly by substances converted from testosterone. Many 
androgeniec compounds induce uterine and mammary growth, and one, trans- 
androstenediol, has marked estrogenic activity (Emmens and Parkes, 1938). 
Tenderness and swelling of the subareolar area occur in the eunuchoid receiving 
testosterone (Hamilton, 1937) and spontaneously in the boy at puberty (Jung 
and Shafton, 1937), but a variety of substances exert an effect on the mammary 
glands, and there is no proof as to whether or not the estrogenic action neces- 


sarily either precedes or follows conversion of androgen to estrogen. 
SUMMARY 


The levels of androgenie and estrogenie substances in the urine of 7 
eunuchoid and 4 castrate men are presented in Fig. 1 and Table I. Data 
existent in the literature on this subject are summarized and listed in Table I. 

[In the present series of cases the average daily androgenie activity of 
the urine of eunuchoids (18.8 I.U.) was slightly less than one-third that of 
normal young men, and that of the castrates was still lower (7.7 1.U.). The 
averige daily estrogenie activity of the urine was also less than in normal 
youny men, being 27.4 I.U. in the eunuchoid, and 14.7 I.U. in the eastrate. 

daily injeetion of 20 mg. of testosterone propionate resulted in elevation 
of values for urinary androgenic activity to the range in normal young men. 
Urinary estrogenic activity was also inereased as a result of conversion of 
lestosicrone to phenolic estrogenic substances. Upon the cessation of injections 


pare 


Of testosterone the values for urinary androgens and estrogens returned to 
those ‘ound before the employment of therapy. 












































































926 THE JOURNAL OF LABORATORY AND CLINICAL MEDICINE 


In terms of molecular conversion to androgens and estrogens, the percent 
age recovery in the urine of the administered androgen is appreciable and 
eomparable from person to person (Table Il). Apparently, recovery following 
intramuscular injections in oil is less than that obtained upon implantation of 
pellets of testosterone propionate, but is in turn greater than that occurring 
after ingestion. 
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GENERAL 
HEMATOCRIT TUBE BALANCING RACK* 
ARTHUR C. Stirtuinc. M.D... Rocuester, N.Y. 


T IS recognized that when in use, the various sedimentation instruments for 

determining the sedimentation rate of whole blood must be as nearly vertical 
as it is possible to attain in order to prevent an increased settling rate caused by 
slight inclination of the tube. 


Most devices to aid in securing this vertical position require either a per 





fectly flat surface for mounting, or incorporate a system of levels which are 
adjusted by a system of screw legs. The former is unsatisfactory because of the 
difficulty in finding a perfectly level laboratory table. The latter method is 
relatively complicated and requires frequent adjustments if the device is moved 
from table to table. 

The device herein described and illustrated permits the Wintrobe type of 
tubes to rest within fractions of a degree of the vertical position. The balance 
rack may be placed on any smooth top table with disregard for the level of that 
table, and with one simple motion of the damping stage, fixed into a true vertical 
position. Tubes may then be placed into or removed from the rack without 
disturbing the balance, This type of balancing device is satisfactory for all 
stvles of laboratories; for example, research, arthritie clinics, sanatoriums, and 
ward laboratories in hospitals. We have used it with satisfaction in this hospital 
in connection with further cesearch on the problem of sedimentation. 

The instrument consists essentially of (1) a rack for holding the tubes 
(this is supported on a pivot in pendulum fashion) and (2) a damping device 
for stopping this rack and holding it in a fixed position. 

The rack is constructed of three parts. The upper part (4) is composed 
of a lightweight material, such as aluminum, plastic, or wood. It is ¢ireular 
in eross section and deep enough to contain several drilled holes into whieh thi 
hematocrit tubes may be lowered about 3 em. These holes are centered | 
machine to give necessary accuracy (the whole rack must, of course, be a 
eurately machined in order to maintain a vertical position) and placed in suc! 
positions as to aid balance; this is done by placing one hole in the center, th 
an even number of holes at the periphery. The bottom of this piece is drilled 
and tapped to receive the middle part. 


*From the Strong Memorial Hospital, Department of Surgery, Obstetrics and Gynecol 


tochester. 
Received for publication, September 15, 1941. 
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The middle part (B) of the rack consists of a threaded joint which holds 
the two other parts together and serves as the fulerum for the pivot. 

The lower part (C) of the rack simply consists of a heavy mass of iron 
(1 pound or so) which receives the joint at one end; it is rounded at the lower 
end to offer a constant surface to the damper. The rack hangs on the pivot 
which is mounted on a seaffold-like arm, This is mounted on the same base as 


the damper. 





Fig. 1.—Hematocrit tube balancing rack in use. 


The damping device consists of (1) a soft sponge rubber block mounted on 
a stage which in turn is attached to a strip of sheet spring metal, and (2) an off- 
center cam which when worked by a suitable handle raises the stage and rubber 
cushion against the bottom of the rack. 

The rubber block must be soft in order to press equally in all directions 
against the rack and to prevent lifting of the rack off the pivot; it is cemented 
e stage. The stage is riveted to the strip of spring. The spring is attached 
firily at one end and loosely at the other to permit up and down motion, the 


‘moves vertically. 
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The cam is half rounded at opposite edges to permit smooth and steady 
setting against the spring plate, A handle is joined to the eam via a shaft. 
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Fig. 2.—Details of construction of the rack and damping device 


When it is desired to balance one or several filled Wintrobe tubes, the tubes 
are placed in the rack either before or after setting; any number from one to 
seven (or more if more holes are drilled) may be so balanced. Being mounted 
en a cireular rack, the tubes may be read from all sides. The rack is allowed 
to swing freely on the pivot, and is gradually damped down as it assumes tli 
vertical position (regardless of the level of the base). When the vertical poi 
is reached, the handle is snapped completely over to fix the rack in this posi 
tion. There are thus no adjustments of levels to be made at any time; eravi 
does the balancing job, and a single turn of the thumb fixes the rack in a px 
feetly vertical position. 








A SIMPLE MECHANICAL FEEDING DEVICE? 


EpGar J. Porn, Pu.D., M.D., Battimorr, Mp. 


[* THE course of experiments which required that dogs be administered a drug 
at four-hour intervals day and night it became imperative that an automatic 
feeding device be employed. After several designs had been considered and _re- 
jected, the rather simple arrangement illustrated in Fig. 1 was improvised. 

Meat balls 


Al Pins through—s» 
< L 
meat balls 
























































(b) 
Guide for 
PL 
—_> 
ee See 
a 
¢ = =e i 
=| Es =] ~ ; 
f UW ¥ Side view 
eee thor one | Pipe bolted tc 
) = withdrawn ~~ be ted to 
= 7 releasing 5 
= meai ball 
‘| 
| : | A 
3 i J 4 7 
; a aes: -— Jy 
After brs.  ——~——s After’ Shrs. After lahrs. 
bj 1.—This illustration shows the position of the 2 inch iron pipe placed through the top and 


fastened to the side of an animal cage. 


Mig. 1 requires but little explanation. A small, 1,750 r.p.m. electric motor 
designed for continuous operation is connected in series with two 1 to 400 redue- 
fio gears mounted in series. This arrangement will give a speed of one revolu- 
tio, every ninety minutes for the low-speed shatt of the second gear. On this 
shalt is mounted a reel onto which rope a will be wound to advance the chain ec. 


*From the Surgical Hunterian Laboratory, Department of Surgery, Johns Hopkins Uni- 
ver School of Medicine. 
Received for publication, September 10, 1941. 
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The travel of this chain in a given interval of time will determine the spacing 
of the pins. The device as used here was designed to feed every four hours. 
In order that the feeder need attention only onee daily, five pins were in- 
corporated in the design. Pull cord b is adjusted so as to throw the motor switeh 
after the last pin has been withdrawn. Rope a is attached to ehain ¢ by a hook to 
facilitate unwinding the rope at the completion of a twenty-hour run. 

The daily dosage of drug was mixed with a portion of ground meat which 
was divided and made into six similar balls. Five of these balls are skewered with 
the pins and are released to fall into the animal’s cage as each pin is withdrawn. 
An economical feeding mixture consists of ground, boiled lunes cemented to 
evether with a small amount of admixed tallow. The animal’s total daily food 
ration «an be incorporated in these meat balls. To insure the administration of 
the drug at the desired time the animals are kept slightly hungry and they eat the 
food immediately when it is delivered. 

Two tiers of cages arranged on three walls of a room were operated by a 
single mechanism. If the animal is given a feeding when the feeder is loaded, 
it will demand attention onee daily. With sheht changes the deviee ean be 


altered for feeding different 1\ pes ot food. 


PREPARING PARAFFIN FOR IMBEDDING PURPOSKES* 


WALTER KocH, M.D., PH.D., JERUSALEM, PALESTINE 





RESH paraffin is unfit for microtechnical purposes, since it contains volatilt 

admixtures which make the paraffin brittle, thus rendering sectioning dil 
ficult. Besides, fresh paraffin often crystallizes. Therefore Apathy advised that 
fresh paraffin be left for about one week at 70° to 80° C. and filtered several 
times. Spee mentioned that overheating renders paraffin fit for sectioning in 
ribbons. Other authors (Schulgin, Brass, Altmann, Pohlmann, van Walsem, 
Kabsch) advocated the admixture of wax, ceresin, myrtle wax, mastix, vaseline, 
etc. 

The following is a procedure for rendering paraffin suitable for seetioning. 
It combines the advantages of overheating, as advocated by Spee, with those 
of the addition of wax, as suggested by Brass, van Walsem, and Kabseh, the dis 
advantages of the various methods being as far as possible eliminated. 

The paraffin is purified through prolonged heating (see A) and made 
smooth through the addition of beeswax. The wax is heated for a short time 
in order to prevent the surface of the compound from becoming greasy. Thus, 
10 per cent of beeswax may be added. It is an advantage that the melting 
point of the compound is almost the same as that of the original paraffin. |1 


*From the Zoological Institute of the Hebrew University, Jerusalem. 
teceived for publication, March 20, 1941. 
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‘a?’ gram paraffin of the melting point T, is mixed with ‘‘b’’? gram of the 
melting point T., the melting point T, of the resulting mixture is: 


1 a.T, +b.7T, Example: 100 parts paraffin 62° mixed with 10° parts 
: a+b heeswax 54 
100.62 410.54 
= 100 10 61. Heating raises the melting point about 1°, thus: 
LOO 63> 10... d5 
‘ 62. 
100 + 10 


Used paraffin is less contaminated by volatile substances. On the other hand, 
it contains tiny water droplets left over from the cooling procedure, as well 
as glycerin (boiling point 290° (.), which is used to prevent the bloek from 
sticking to the imbeddine dish (see B). 


PROCEDURE 


A. Fresh Paraffin. (1) Fresh paraffin is we'ghed, put in a shallow enameled 
dish (as used in photography), and heated on on electrie plate. At about 80 
(‘. benzol evaporates. If the liquefied paraffin begins to boil at 100° to 110° C., 
this proves the presence of water. In this case, splashing can be avoided by 
leaving the temperature below 120° C. until all the water is evaporated. The 
paraffin is then heated to 220° (. and kept at this temperature for about three 
{o four hours. During this procedure disagreeable-smelling fumes escape; the 
paraffin, while absorbing oxygen, takes on a vellowish color. It is then cooled 
and left overnight. In the cooled paraffin no heterogeneous spots should ap- 
pear. Otherwise the procedure should be repeated. 

(2) Yellow beeswax is added in the proportion of 10 per cent of the weight 
of the paraffin. The mixture is kept at a temperature of 180° C. for thirty to 
forty-five minutes, then filtered and cooled, 

B. Used Paraffin (Remainders of A). (1) The block rests are rinsed in 


water and dried. (2) The paraffin is heated to 180° C. for thirty to forty-five 


minutes, then filtered and cooled. 
SUMMARY 
A mixture of paraffin and beeswax is described which can be sectioned 
with ease, the melting point of which hardly differs from that of the original 
paraffin. 
REFERENCE 
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A SIMPLIFICATION OF BENHOLD’S TEST FOR AMYLOIDOSIS* 
ADELE B, COHEN, M.D., New Yorn, N.Y. 


HE standard Congo red test, with or without acetone extraction, has two 

major disadvantages. (1) It is rather complicated, requiring one intravenous 
injection and two venipunctures and consuming more than one hour to perform. 
(2) There is a large range, say from 40 to SO or 90 per cent dye retention, which 
is not diagnostie for amyloid disease but does not exclude it. This may possibly 
he due to the inability of slight amyloid deposits to fix a sufficiently large part of 
the Congo red injected. 

It was observed during the performance of the standard test that in patients 
with amyloidosis the apparent dye content of the serum four minutes following 
the injection of Congo red was obviously considerably less than in normal 
patients. 

In Fig. 1 the percentage of dye retention is plotted against time during the 
first hour following the intraveneous injection of 10 ¢.¢. of a 1 per cent solution 
of Congo red. Subject A had aly loidosis ; Subject B did not. The calculations 
are based on the colorimetrically determined dye content and on the estimated 
total plasma of the respective patients. The vastly faster absorption of the dye 
in the amyloidotie patient is shown particularly in the early phase following in- 
jection. It would appear that this early phase allows a more reliable distinction 
between the presence and absence of amyloidosis. Since the estimation of the 
percentage retention of Congo red, as done in the standard test, increases thie 
uncertainty of interpretation rather than adds a quantitative evaluation, the ai 
was to find a proper amount-time relation so that all persons not suffering from 
amvloidosis would show Congo red in the serum and patients with amyloidosis 
would not. 

In preliminary experiments it was found that Congo red in a 0.00025 per 
cent solution can easily be demonstrated by the appearance of a blue color when 
one drop of this dilution is mixed with one drop of concentrated hydrochloric 
acid. When 2 ¢.¢. of 1 per cent solution of Congo red are injected in a normal 
person weighing 150 pounds, the plasma (about 2,700 ¢.¢.) would contain aly 
0.00074 per cent of Congo red, or three times the demonstrable concentratio! 
Even with 10 or 20 per cent resorption during the first fifteen minutes, Congo 
red should still be demonstrable fifteen minutes following the injection. 

The present modification is, then, based on (1) the rapid initial absorption of 


Congo red in the presence of amyloid, (2) the slow initial absorption of Congo 


*From the Division of Pulmonary Diseases, Montefiore Hospital for Chronie Dise 
New York, N. Y. 
Received for publication, September 22, 1941. 
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red in persons without amyloidosis, (8) the easy demonstrability of Congo red 
in a dilution as low as 0.00025 per cent, 


TECTINIQUE 





Two cubie centimeters of a 1 per cent Congo red solution are injected 
intravenously, and after exactly fifteen minutes a few drops of blood are with- 
drawn from a finger into a suitable tube with capillary mouth (Widal tube). 
After the blood has clotted, it is centrifuged at slow speed and one or two drops 
of clear serum are removed with a capillary pipette and placed into a small 
white porcelain dish. One drop of undiluted hydrochloric acid is added with 
another capillary pipette. If the serum contains Congo red, a blue, quickly 
fading color, appears at the moment of mixing. 


30 
MINUTES 
Pic: i: 


RESULTS 


\ total of 245 persons who presented no evidence of amyloid disease and in 
Whon it was not suspected were examined with this technique. All showed 
Voneo red in their serum, with the exception of one patient. With the 10 ee. 
Method this patient had given the results shown in Table I. On Mareh 13, 1939, 
he was positive for amyloid according to the 2 ¢.¢. method. He had massive 
dlbwuinuria, a fixed urinary specific gravity between 1.017 and 1.020. Liver and 
sple: were not enlarged. At autopsy on Feb. 18, 1940, no amyloid was seen. 
The idneys showed a few areas of hyaline degeneration of glomeruli, and the 
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spleen contained minute hyaline, rounded bodies. Microchemically these hyaline 
areas could not be identified as amyloid. Since this patient had = massive 
albuminuria, he might have exereted Congo red through his kidneys, thus giving 


a false positive test. The urine was not examined for Congo red at the time of 


the test. 


TABLE I 
DATE PER CENT 
2/24/38 15 
10/20/38 100 
12/30/38 1() 
1/ 7/359 14 
$/11/59 ed 
9/18/39 ia 


A total of 83 patients with evidence of amyloid disease were tested, and all 
but one gave a positive test. The evidence for amyloid disease in these patients 
is as follows: 

S: confirmation by autopsy. 

382: 95 to 100 per cent Congo red retention by the standard test. 

Many of these patients had the usual e¢linical and chemical evidence of 
amyloidosis. 

The one patient with amyloidosis who vielded a negative test showed 
moderate amyloidosis of kidneys and spleen at autopsy on March 4, 1989. She 
had none of the usual clinical signs of amyloidosis, and a 10 ¢.¢. Congo red test 
done on July 5, 1938, showed 20 per cent retention. The falsely negative 2 cc. 


test was performed on Jan. 11, 1989. 
DISCUSSION 


According to this experience, the reliability of this modification is not less 
than that of the standard 10 ¢.c. method. However, many further observations 
are necessary to define its limit of reliability correctly. 

This modification is so much simpler than the original test (requiring one 
venipuncture instead of three, and fifteen minutes observation instead of one 
hour) that it seemed justified to report it. 


SUMMARY 


1. A modification of the Congo red test for amyloidosis is reported. 
2. It is simple in technique and requires only one instead of three vent 
punctures. 

3. Its reliability, whieh needs further testing, appears to be of the same 
degree as that of the standard technique. 
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A COMPARISON OF CAPILLARY AND VENOUS RED BLOOD CELI 
COUNTS AND HEMOGLOBIN DETERMINATIONS IN) PATIENTS 
WITH PERNICIOUS ANEMIA IN REMISSION UNDER 
TREATMENT* 

Maurice B. Srrauss, M.D., AND Josepi PE. Burciuienan, MLD 
Boston, Mass. 


T IS generally believed! that in adult man the red blood cell count and 
| hemoglobin content of blood obtained by puncture of the ear or finger and that 
obtained by venepuneture without stasis is the same, although Haden and Neff? 
found lower values in the blood obtained from central vessels than from skin 
capillaries in infants. In a recent article De Marsh and c¢o-workers® state ina 
footnote that they consistently find the sinus blood of infants to have lower 
values for red blood corpuscles and hemoglobin than blood obtained from pune- 
ture of the heel. Duke and Stofert demonstrated that in 8 patients with 
pernicious anemia, 5 of whom were in relapse, capillary red blood cell counts 
averaged 17.6 per cent higher than venous counts, whereas such differences were 
not encountered in 5 normal persons or in 4 patients with ‘‘secondary’’ anemia. 

In the course of an analysis of the effect of treatment in maintaining blood 
levels in 80 patients with pernicious anemia, it became apparent that a decided 
difference existed between the results of blood counts and hemoglobin determina- 
tions made on venous blood and on eapillary blood. A total of 2,189 blood 
examinations were analyzed. Approximately two-thirds of the examinations 
were made on capillary blood during the first vears of this study ; since January, 
1938, all determinations have been made on venous blood. From 14 to 46 
separate examinations were made on each of the 80 patients over a period of 
trom five to nine years (average 7.1 vears). All but 5 patients had both eapillary 
and venous determinations, although, as indicated above, these determinations 
were not made at the same time. All patients were under constant treatment 
and in remission. The arithmetic means of the venous and capillary red blood 
cell counts and hemoglobin determinations were ealeulated for each patient. The 
distributions of these means have been plotted in Fig. 1. 

The mean capillary red blood cell count of the 80 patients was 4.690 millions 
per cubie millimeter, and the mean venous red blood cell count of 75 of these 80 
patients was 4.444 millions per cubie millimeter, a difference of 0.246 millions per 
cubic millimeter, a value which is distinetly significant, there being less than 


one «vance in 1,000 of its being accidental (t — 4.712; n 153; p <0.001). 
*From the Thorndike Memorial Laboratory, Second and Fourth Medical Services 
= d), Boston City Hospital, and the Department of Medicine, Harvard Medical School, 
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The mean of the hemoglobin determinations on capillary blood of the SO 
patients was 91.8 per cent (15.6 Gm. per 100 ee. 100 per cent}, and the mean 
of the hemoglobin determinations on venous blood of 75 of these 80 patients was 


87.3 per cent. The difference 4.5 per cent is significant, there being less than 




































one chance in 1,000 that it is accidental (t 4.65975 n 135; p <0.001). 
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Fig. 1.—The distribution of the average capillary and venous red blood cell counts an 
hemoglobin determinations in 80 patients with pernicious anemia in remission while undet 
treatment. The solid lines in each curve represent the mean value, and the dotted lines represent 
the standard deviations. 


CONCLUSION 


Venous blood in patients with pernicious anemia under treatment has ap- 
proximately 5 per cent less erythroeyvtes and hemoglobin than blood obtained 
from the capillaries. This may be true for normal persons as well, but we have 
insufficient data on this point. 
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Fleming, Miss Marjorie Jewell, Miss Florence Kelly, Miss Elizabeth King, Miss Harriet Mac- 
Donald, and Miss Charlotte Nicklin who performed the technical determinations 
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A DEVICE FOR MARKING FIELDS ON MICROSCOPE SLIDES* 
CARL OLSON, JR., D.V.M., AmHerRstT, Mass. 


HIE making a routine examination of histologic preparations, it is con- 

venient, and sometimes necessary, to mark certain areas so that they may 
be readily found later. Among methods used for this purpose is one using a 
mechanical stage with vernier markings. <A reading ot the vernier markings 
will constitute a record of the location of the area to which future reference 
may be made. It is, of course, necessary that the same mechanical stage is 
used and that the slide stop remains unchanged. A second method utilizes 
a diamond point, placed in an eccentric position, attached to the rotating end 
of a blank objective. kor operation, the regular objective of the microscope iS 
replaced by the blank objective and, with the slide held firmly, the diamond 
point is lowered to contact the cover slip. A cirele is described by turning the 
rotating end and seratching the cover slip with the diamond. Disadvantages of 
the method are that sometimes the cover slip is moved or broken and the per- 
manent scratch mark may obliterate an area desired for study. A third and 
rather crude method consists simply of marking the area with a pen and India 
ink. <A difficulty of this procedure is to center properly the desired area within 
the inked circle; usually several attempts are necessary to obtain the desired 
result. Failure of an attempt can be corrected by removing the ink mark with 
a dampened cloth. 

The third method of pen and ink marking has been improved by incorporat- 
ing a principle ot the second method in a simple device that may be fitted in 
the place of an objective and act as a rubber stamp. It consists of a brass 
evlinder, knurled and threaded at one end to fit into the revolving nosepiece 
of a microscope. The other end is reduced to a cylindrical shaft, ?;¢4 meh in 
diameter and about ®& ineh in length. <A short length of rubber tubing is 
slipped over the eylindrieal shaft and allowed to project a short distance be- 
yond the end of the shaft. The gum rubber tube supplied with a blood cell 
counting pipette was used for this purpose. The free end of the rubber tube 
must be cut squarely across. The length of the entire device must be such 
that the free end of the tube will make contact with the surface of the slide when 
the microscope tube is racked down. 

The marker may be fitted to an empty socket or a revolving nosepiece on 
the nicroscope and be ready for use at all times. For operation the area of a 
slid: to be marked is centered in the field of the microscope, and the slide is 
alloved to remain in place on the stage of the microscope. The rubber tip 

‘From the Department of Veterinary Science, Massachusetts State College, Amherst. 
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is inked with the quill of an India ink bottle. The marking device is then 
swung into the position formerly occupied by the objective, and the body tube 
is gently racked down until the inked rubber touches the slide. A ring of ink 
will be stamped on the slide to encircle the area desired. A little care is neces 


sary to avoid application of excess ink on the rubber tip. 


gW31SAS , 1813 





Fig. 1.—Device ready for attachment to nosepiece of microscope. The over-all length is slight 
more than that of the longest microscope objective. 

The diameter of the ink ring can be varied by having a larger or smaller 
shaft. The marker now in use was made with a detachable tip. Other tips of 
different diameters may be used. 

The device has been in use for some time and found to be extremely useful 
in marking areas of slides to be studied or photographed at a later time. The 
inked ring mark is quite permanent under ordinary conditions and yet can be 
readily removed with a damp cloth. 
























































CHEMICAL 


THE EXTRACTION OF PROTEINS FROM AQUEOUS SOLUTION BY 
MEANS OF EMULSIFICATION WITH CHLOROFORM* 


James C. ANDREWS, PH.D., W. E. Cornatzer, M.S., AaNp A. B. Sampre, M.S. 
CHaren Ein, N.C. 


URING the past fifty years there have been occasional references in the 
D literature to the ability of chloroform to precipitate proteins more or less 
quantitatively from aqueous solution.’° It is remarkable that such a method 
has not received closer scrutiny, particularly in view of the claims made in some 
of the earlier papers as to the completeness of removal attained. The method, 
furthermore, deserves investigation in view of its obvious advantage in not 
leaving behind in the aqueous laver an excess of a reagent that is difficult to 
remove and sometimes objectionable. This paper reports some systematic 
studies designed to evaluate the advantages and limitations of the procedure. 

On shaking protein solution with chloroform there is quickly formed a 
heavy emulsion, which settles out readily on mild centrifuging in a compact 
eake below the supernatant water layer. A very satisfactory separation of this 
layer results even without centrifuging. The supernatant liquid can readily 
be decanted without disturbing the heavy emulsion, and the protein can be 
recovered by evaporation of the chloroform at room temperature in vacuum. 
Any foaming can be readily checked by the addition of a small amount of amyl 
alcohol; its use, and that of ethyl aleohol, as noted below, have the further 
advantage of greatly increasing the completeness of protein removal. 

Various forms of this method have been used by Tsuehihashit for the 
preparation of blood catalase extracts; by Zeile and Hellstrém® for the prepara- 
tion of liver catalase extracts; by Meldrum and Roughton® for the preparation 
of protein-free carbonic anhydrase extracts from blood; by Sevag’ for the 
isolation of carbohydrates from egg albumin and pneumococci; by Sevag, 
Lackman, and Smolens* for the isolation of the components of streptococcal 
nucleoproteins; and by Gurin, Bachman, and Wilson’ for the purification of 
t] 


» gonadotropie hormone of pregnaney urines. 
EXPERIMENTAL 


Kjeldahl determinations of total nitrogen made on the original protein 


— 


solution and on the supernatant liquid after separation from the emulsion 


were used as the criterion of protein removal. The fact that different criteria, 
such as qualitative protein tests, were used by some of the earlier investigators, 

From the Department of Biological Chemistry, School of Medicine, University of North 
Carolina, Chapel Hill. 

teceived for publication, December 18, 1941. 

saker’s isoamyl alcohol with boiling range of 128° to 132° C. was used. For the sake of 
brey it will be referred to in the remainder of this paper simply as “amyl alcohol.” 
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undoubtedly accounts for some differences in our conclusions. The percentage 


of free amino nitrogen to total nitrogen was used as the eriterion of molecular 


size. In preliminary experiments, amino nitrogen was determined by the 


Sorensen method, but the work was later repeated using Van Slyke determina 
tions. The relationship between ability to be precipitated by this method and 
molecular complexity will be discussed in detail below. 

Colorimetric pH determinations were made in the preliminary experi 
ments; the glass electrode was used in all final work on the effect of variation 
of pH. 

A preliminary series of extractions of 0.5 per cent egg albumin solution, 
made with varying proportions of chloroform, showed that maximum removal 
is effected by a volume of chloroform 25 to 30 per cent that of the protein 
solution. Smaller proportions of chloroform reduced the percentage removal; 
higher proportions brought about no improvement. As a result the standard 
proportions adopted were 100 ml. of protein solution and 35 ml. of chloroform. 
To this were added 10 ml. of amyl alcohol when it became evident that this 
mixture produced the optimum results of any investigated. Later work showed 


that 95 per cent ethyl alcohol could be substituted equally well for the amyl 


aleohol. 
TABLE I 
EFFECT OF TIME OF SHAKING ON PERCENTAGE OF EGG ALBUMIN REMOVED 
PERCENTAGE PROTEIN REMOVED 
TIME NATURAL pH ISOELECTRIC pH ISOELECTRIC pH 
MINUTES ) CHLOROFORM ALONE CHLOROFORM ALONE CHLOROFORM AMY 
USED (%) USED (%) ALCOHOL USED (% 
l 5 73.0 
53 8.9 16.8 S00 
) 18.4 22.0 78.5 
7 Pid 25.2 79.8 
10 31.8 10.6 18.2 
16 es 
»() 38.1 


Comparisons of the effect of mechanical shaking versus hand shaking 
showed that one is as effective as the other. Previous investigators have used 
widely varying times of shaking, in some cases as much as ten or more hows. 
However, we find no evidence quoted in support of such lengthy periods. We 
find that the effect of increased time of shaking (by hand) depends upon two 
other factors: the proximity of the pH of the solution to the isoelectrie point 


of the protein, and the presence of the added alcohol. Table I shows the relative 
percentages of the protein removed from approximately 1 per cent egg albwuin 
solution under these different conditions. With chloroform alone and the 
protein not adjusted to its isoelectric pH. an irregular increase up to twenty 
minutes is observed. The use of isoelectric conditions increases somewhat the 
percentage removal but does not bring it to constancy within ten minutes. How- 
ever, the use of both isoelectric pH and amyl] aleohol gives practically constant 
removals from three minutes upward. For this reason, a five-minute period 


of vigorous shaking by hand was adopted. 
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Tests of the effect of shaking with successive portions of the emulsifying 
ageent also showed marked differences between chloroform alone and chloroform 
plus 10 per cent amy! alcohol. 

TABLE IT 
EFFECT OF SUCCESSIVE EXTRACTIONS OF THE SAME SOLUTION (APPROXIMATELY 1 PER CENT 
Ecge ALBUMIN) AT ISOELECTRIC PH 


TOTAL PROTEIN REMOVED B\ 
NUMBER OF EXTRAC- 


’ CHLOROFORM + AMYI 
TIONS CHLOROFORM (%) 4 
ALCOHOL (% 
l 15.4 $4.5 
2 24.7 SOS 
3 32.4 87.5 
} ota 
5 $1.4 


In Table IL are recorded the results of a series of successive extractions of 
the same Ll per cent egg albumin solution in which the two procedures are com- 
pared. Percentages of protein removed are cumulative. The much more rapid 
effect of the chloroform-amy] aleohol mixture is plainly evident. 

Other organie liquids of limited miscibility with water have been suggested 
for this purpose, such as ethyl] acetate by Marie,’? and bromoform by Formanek.? 
For this reason, a series of such liquids was investigated, employing the fore- 
going procedure deseribed for egg albumin solutions of slightly under 1 per cent 
concentration. In some eases the test was made both at the natural pH of the 
protein solution (about pH 6) and at the isoelectric point (pH 4.8). A series 
of these results is recorded in Table III. In all eases the amount of the emulsify- 
ing agent used was one-third the volume of the albumin solution with, in some 
eases, addition of 10 ml. of the auxiliary agent (ethyl or amyl alcohols) per 
100 ml. of the protein solution. 

These results show the practical superiority of the chloroform-amyl1 aleo- 
hol and chloroform-ethyl alcohol mixtures over all other solvents investigated. 
We have not been able to correlate the low and irregular recoveries obtained 
with other liquids with any other physieal property, such as boiling point, 
surface tension, water solubility, dielectric constant, ete. The surprisingly high 
removal effected by ethyl acetate prompted an examination of some homologous 
esters of different alcohols and acids. As will be noted, no benefit resulted. 
Little has been done to investigate the colloidal properties of the protein- 
chloroform emulsion. Sevag, Lackman, and Smolens* suggest a loose molecular 


.9 


combination or ‘‘adsorption compound A few tests on our part showed that 
water is attracted to a fragment of the emulsion on a microscope slide and 
ente:s it whereas chloroform does not. This would seem to indicate that the ex- 
terna! phase is aqueous. 

Previous investigators have discussed the properties of the precipitated 
protein,®: 8 the consensus of opinion indicating more or less denaturation. Our 
own results confirm this. Egg albumin, precipitated by the above-described 
procedure, gave a product which, after washing out the chloroform and amyl 
aleoho| with ether and drying at room temperature, was quite water insoluble. 
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After several days’ shaking with water, the amount dissolved was insufficien' 
to give biuret or sulfosalieylic acid tests. It was also insoluble in 0.1 N acid 
or alkali, salt solutions, and aleohol. Dried in vacuum to constant weight it 
had a nitrogen content of 14.5 per cent. Other methods of drying the emulsified 
protein gave a product similarly insoluble. The only ease in which the precipi 
tated and dried product was water soluble was when proteose-peptone solutions 
had been used as the starting point. In this ease the fraction precipitated w: 

correspondingly low (see below). 

Contamination of the precipitated protein by dissolved salts is very slight. 
Experiments in which sodium chloride (about 1 per cent) was added to the 
aqueous protein solution showed that the presence of the salt did not appreci- 
ably affect the efficiency of removal by chloroform-amy] aleohol and that about 
99 per cent of the salt remained in the water layer after emulsification. 


TABLE III 


EFFICIENCY OF VARIOUS ORGANIC LIQUIDS AS PROTEIN PRECIPITANTS FROM 1 PER CENT Ea@G 
ALBUMIN SOLUTION AT BotTH NATURAL AND ISOELECTRIC PH (4.8) 


PERCENTAGE PROTEIN REMOVED 


REAGENT Epa ei 
NATURAL pH ISOELECTRIC pil 
Chloroform 18.7 02.0 
Chloroform-isoamy] alcohol 80.4 82.5 
Chloroform-ethyl alcohol 83.0 
Chloroform-ethyl acetate vgs 
Bromoform 19.0 
Bromoform-isoamyl alcohol 20.0 
Bromoform-ethyl alcohol 24.6 
Isoamyl alcohol 60.0 
n-Amyl alcohol 64.9 
n-Butyl alcohol 38.8 
Capryl alcohol ey 12.2 
Ethyl ether 22.9 $5) 
Dichlorethyl ether 18.7 
Carbon tetrachloride 9.5 10.0 
Benzene 14.8 15.9 
Chlorobenzene 23.9 
Bromobenzene 19.0 
Toluene 13.5 19.5 
Benzaldehyde 48.6 
[sobutyl chloride 19.5 
Ethyl acetate 65.8 69.7 
Ethyl propionate 28.6 29.9 
Ethyl butyrate 31.3 Boor 
n-Butyl acetate 22.9 39.6 
Tsoamyl acetate 20.0 27.4 


Effect of pH.—The data in Table III indicate that in some eases consid- 
erable differences in percentage removal of egg albumin from solution re- 
sult from adjustment of the solution to pH 4.8 (isoelectric point). The column 
of values for the ‘‘natural pH’’ is included to illustrate the irregularities re- 
sulting when the protein solution is not adjusted to as near its isoelectric point 
as possible. In most eases, albumin solutions made from dried commercial 
preparations showed pH values of from 6.5 to 7.5. In some of the earlier 
5 causal reference is made to different recoveries having been obtained 
at different acidities, although Zeile and Hellstrém® claim that the separation 
of hemoglobin from catalase is unaffected by pH variations between 4.5 and 
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9.0. We have not investigated hemoglobin in this regard but have made a sys- 
tematic study of the effect of pH variations on percentage removal of egg 
albumin and serum albumin. Preliminary experiments were carried out using 
colorimetric determinations after titration with varying amounts of acid or 
alkali. Uniform extractions with either chloroform or chloroform-amyl aleo- 
hol were run on these solutions, and the percentage removal of the protein was 
determined as described previously. One outstanding difference between the 
use of chloroform alone and of the chloroform-amyl] alcohol mixture was ob- 
served. In all eases, maximum precipitation occurs at or near the isoelectric 
point. However, with chloroform alone this maximum is a comparatively low 
one, Whereas with either aleohol added, the curve, starting from about the same 
level, rises rapidly and sharply to a much higher maximum. At pH values, 
for example, two units above or below the isoelectric pH, only small dif- 
ferences were observed between the use of chloroform alone or with amyl aleo- 


hol; at the isoelectric pH, however, the difference was 30 per cent or more. 


TABLE IV 


VARIATION BETWEEN PH OF AQUEOUS PROTEIN SOLUTION AND PERCENTAGE PRECIPITATION BY 
THE CHLOROFORM-AMYL ALCOHOL PROCEDURE 


Approximately 1 per cent solutions of all proteins were used. 


BLOOD ALBUMIN BLOOD ALBUMIN EGG ALBUMIN EGG ALBUMIN 
( WILL ) (KAHLBAUM ) ( BAKER ) BAKER ) 
% o o % 
pH PRECIPITA- pu PRECIPITA- pH PRECIPITA pH PRECIPITA- 
TION TION TION TION 
1.49 27.0 3.63 9.6 125 41.8 $20 17.3 
5.24 84.4 3.85 10.2 1.49 D8.4 1.45 54.9 
5.95 95.3 4.11 7 1.60 68.6 1.75 82.1 
6.48 78.0 1.42 18.5 1.67 (Hel 4.79 82.5 
7.01 3539.4 4.82 48.4 1.70 74.2 1.58 87.0 
5.00 fis es 1.76 77.4 5.00 88.4 
5.25 72.3 1.82 78.2 5.30 89.4 
5.85 27.5 $85 78.6 6.06 62.0 
6.62 7.6 1.90 S15 9.78 tf 
1 6.9 5.00 S4.9 
8.45 6.9 5.23 84.2 
8.95 1.8 5.95 ee 
7.35 34.1 
9.45 19.7 


Chloroform-ethyl alcohol used. 


A more accurate determination was then made of the curves ot pH versus 
percentage protein removal for both egg albumin and blood albumin, all pH 
determinations being made by means of the glass electrode. The results are 
shown in Table IV. The sharp maximum obtained is obvious for both blood 
albumin and egg albumin, but it will be observed that this maximum is uniformly 
higher by several tenths pH than the isoelectric point usually accepted for egg 
albu:nin. We have not as yet redetermined the isoelectric point of this material 
and van, therefore, offer no explanation. However, it may be stated that this 
maxiinum roughly approaches the isoelectric point of the protein. 

ffect of Molecular Size of Protein—Preliminary experiments indicated 
that this method of precipitation is somewhat selective as regards the molecular 
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size of the protein. Using the ratio of free amino nitrogen to total nitrogen as 
a measure, it was evident that the larger aggregates were precipitated, leaving 
in the aqueous layer a residue of such high free amino nitrogen to total nitrogen 
ratio that it often failed to respond to qualitative precipitation tests for pro- 
teins. This circumstance no doubt accounts for the fact that some of the earlier 


investigators claimed complete precipitation. 


TABLE V 


RELATIONSHIP BETWEEN PERCENTAGE PRECIPITATION OF PROTEINS AND THE CHANGE BETWEEN 
FREE AMINO NITROGEN TO ToTAL NITROGEN RATIO OF THE ORIGINAL PROTEIN 
SOLUTION AND THAT REMAINING UNEXTRACTED IN THE AQUEOUS LAYER 
All solutions at isoelectric pH. 


RATIO: FREE AMINO N TO 
CONC. OF PRO-| PERCENTAGI TOTAL N X 100 
SOURCE OF MATERIAI TEIN PER 100 PRECIPITA si iii IN 
ML. (GM.) TION ane hela SUPERNATANT 
LIQUID 
Ege albumin, crystallized 0.92 98.8 3.65 19.64 
Ege white, fresh 0.75 85.8 2.5] a.02 
Ege albumin, Baker’s scales 0.85 $1.1 1.80 7.61 
Egg albumin, Baker’s powder 0.78 82.5 0.40 LL 72 
Ege albumin, Merck’s scales 1.16 80.5 4.12 9.45 
Serum albumin, Kahlbaum 0.75 19.7 7.24 10.30 
Serum albumin, Will 0.74 99.3 6.76 8.89 
Serum albumin, old sample 0.77 17.8 D.27 Sy is) 
Dog serum, diluted 1.08 15.2 7.43 8.62 
Proteose-peptone, Witte 1.54 6.8 15.55 18.53 
Proteose peptone, Difco 1.592 27 17.46 19.2 


Philadelphia’ eer by Dr. Samuel Gurin, School of Medicine, University of Pennsylvan * 

To investigate this point, comparisons were made of the free amino nitrogen 
to total nitrogen ratio in the original protein solution and in the supernatant 
aqueous layer after precipitation. This comparison was applied to blood albumin 
and egg albumin from different sources as well as to some commercial proteose- 
peptone mixtures, from which very little precipitation could be accomplished. 
In Table V are given the results obtained from a number of different proteins. 
In these determinations the chloroform-amy] aleohol mixture was used through- 
out. ree amino nitrogen to total nitrogen ratios cannot be recorded for the 
precipitated protein beeause of its insolubilitv (see above). The only excep- 
tion encountered was in proteose-peptone solutions. For example, the com- 
mercial proteose-peptone solutions are listed in Table V, which showed a very 
low percentage precipitation and a proportionately small rise in the free amino 
nitrogen to total nitrogen ratio, yielded a small amount of precipitate which 
was sufficiently water soluble to make possible Kjeldahl and Van Slyke deter- 
minations. These samples showed a corresponding decrease in the ratio from 
that of the original solution. 

The data in Table V are presented as typical of a large number of such 
determinations. It is evident from these data that the higher the original ratio 
of free amino nitrogen to total nitrogen, the smaller the percentage of the total 
material removed by this treatment and the less selective the removal. Some 
samples of serum albumin purposely chosen were old and already partly 
hydrolyzed. The behavior of such samples, in comparison with some «gg 
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albumin samples of a lower ratio of free amino nitrogen to total nitrogen is 
plainly evident. A number of such determinations were also made on protein 
solutions at pH values other than the isoelectric. Aside from small quanti- 
tative irregularities the same conclusion holds: in general, the higher the pro- 
portion of the protein precipitated, the more marked the change in free amino 
nitrogen to total nitrogen ratio between the original solution and the residual 
material. 

It is evident that chloroform precipitation, while in many eases a useful 
tool for protein removal, has distinet limitations which should be recognized. 
Its chief advantage lies in the fact that the aqueous solution, from which the 
protein is being removed, remains uncontaminated by an excess of the preeipi- 
tating reagent, as is the case when precipitation is accomplished by tungstie 
acid, trichloracetie acid, ete. Furthermore, it is sometimes an advantage not 
to have changed the pH of the aqueous solution, and the precipitated protein, 
although denatured, is free from metallic contamination. 

The chief disadvantage to be recognized is the failure of the method to 
effeet a quantitative removal of the protein even under optimum conditions. 
It should, therefore, not be used if a small percentage of residual nitrogen in 
the aqueous solution is objectionable. Sinee, however, the unprecipitated 
fraction is of simpler structure with a high ratio of free amino nitrogen to total 
nitrogen, this may not always be an objectionable feature. The use of the chloro- 
form procedure by other investigators,*’ as mentioned above, exemplifies this. 

Although most of our data have been collected on protein solutions ap- 
proximating 1 per cent concentration, a number of determinations have been 
made on egg albumin solutions, ranging from 0.5 per cent to about 8 per cent. 
We have not found that the completeness of removal is appreciably affected 


by variations in econeentration within these limits. 
CONCLUSIONS 


Studies of the removal of proteins from solution by chloroform emulsifica- 
tion have led to the conclusion that the procedure is a useful one for certain 
purposes and when certain limitations are recognized. The following is recom- 
mended as the optimum procedure: 

The protein, in water solution, should be as near its isoelectric pH as pos- 
sible. The most advantageous proportions studied were 100 volumes of the 
protein solution, 35 volumes chlcroform, and 10 volumes of 95 per cent ethy] 
or of isoamyvl aleohols. The mixture should be shaken vigorously for five min- 
utes in a container of about twice its volume, then centrifuged for about five 
minutes at a speed of 2,000 to 2,500 r.p.m. Mechanical shaking is unnecessary. 

Successive treatments of the aqueous solution with new portions of chloro- 
form and aleohol cause no significant inerease in the amount of protein  re- 
moved. 

Similar tests of a number of organie liquids of limited solubility in water 
have brought to light none approaching the chloroform-aleohol mixture in 
efficioney, The nearest approach is ethyl acetate. Homologues of this ester 
hav all given much lower pereentage removals. 
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The precipitated protein is denatured by the process to the point of being 
insoluble in water, salt solutions, and dilute acid and alkali. The only excep 
tion to this is in the very small amount of precipitate obtained from proteose } 
peptone solutions. 

The presence of small amounts of salts in the protein solution does noi 
appreciably affect the emulsification process nor the purity of the denatured 
protein. 

When chloroform alone is used as the emulsifying agent, the curve of per 
centage removal versus pH reaches a low maximum at or near the isoelectric 
point of the protein. With the aleohol added this maximum becomes sharp 
and much higher. 

In any protein solution investigated, the fraction of higher molecular 
weight is preferentially precipitated, leaving in solution a fraction with a 
ratio of free amino nitrogen to total nitrogen much higher than in the original 
solution. The lower this ratio is originally, the more effectively does this pro 
cedure remove the protein. 
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THE QUANTITATIVE DETERMINATION OF INDOXYL COMPOUNDS 
IN URINE* 


ARNOLD P,. MrIKLEJOHN, B.M., B.CH. (Oxon.), AND FRANK P. COHEN, MLS. 
Boston, Mass. 


INTRODUCTION 


FE )R nearly a quarter of a century there has been a general absence of interest 
in the significance of the urinary excretion of indole derivatives. The doc- 
trine established by tradition that urinary indoles are derived from putretactive 
processes in the intestines apparently has made further investigation of this 
subject unprofitable. 

Recent work, however,’ ? has revived earlier observations®* that the pres- 
ence of indoles may be demonstrated with unusual ease in the urine of pellagrins. 
This observation merits further investigation, since the doctrine of the intestinal 
derivation of urinary indoles was formulated at a time when biochemical and 
medical science was unaware of the importance of nutritional deficiency. 

The most familiar indole derivative that may be encountered in urine is 
indican (indoxyl potassium sulfate). Several methods for the estimation of 
this substance in urine have been proposed in the past. Most of these methods 
are crude and inadequate to meet the demands of modern quantitative investiga- 
tion. Part of the indole excreted in urine may occur in a form which is re- 
sponsible for the urorosein reaction,’ but for which no method of quantitative 
estimation has as yet been developed. This study is concerned with a discus- 
sion of the methods available for the quantitative determination of indican in 
urine, and the presentation of a procedure, modified from Sharlit’s method,° 
which has been found satisfactory for quantitative purposes. 


EXPERIMENTAL 


The qualitative detection of indican in urine depends on the reaction ob- 
tained by adding concentrated hydrochloric acid and an oxidizing agent (ferric 
chloride or calcium hypochlorite) to urine. By this means indican undergoes 


oxidation and polymerization to form the characteristic blue pigment indigo, 


which may then be extracted from aqueous solution with chloroform. There 
have been various attempts in the past to utilize this reaction in the quantitative 
colorimetric estimation of indican. However, there are certain objections to 
me! hods based on this procedure. 

(1) After the addition to the urine of hydrochloric acid and an oxidizing 
agint, a single extraction with chloroform may be insufficient to remove all the 


*From the Thorndike Memorial Laboratory, Second and Fourth Medical Services (Har- 
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indigo formed, particularly when the indigo is formed slowly, as sometimes hap 
pens. Occasionally, it is possible to extract more indigo after the reaction 
mixture has been subjected to an initial extraction and then allowed to stand 
for some minutes. 

(2) The addition of a fixed amount of the oxidizing agent to some uring 
specimens results in overoxidation of the indican and a diminished vield of in- 
digo, while in other urine specimens incomplete oxidation occurs. 

(3) The oxidation by ferrie chloride or calcium hypochlorite does not al- 
ways vield indigo blue. Indigo red (indirubin), whieh may have a different 
color intensity, is sometimes obtained. 

(4) The recovery of a known amount of indican from indican-free urine is 
frequently far from quantitative. 

(5) Difficulties arise in the preparation of a suitable standard for com- 
parison. The intensity of color obtained in the chloroform solution of indigo 
extracted from urine is frequently more intense than that of a saturated solution 
of synthetic commercial indigo. In our experience recrystallized synthetie indigo 
has a maximum solubility of approximately 2 mg. per 100 ml. of chloroform at 
room temperature. When a saturated solution of synthetic indigo is evaporated 
to dryness and then taken up in strong sulfurie acid, a marked intensification 
of color results, indicating that the color reaction of indigo ean be modified by 
such procedure. Great caution is, therefore, necessary in the use of any arti- 
ficially prepared standard for purposes of comparison with unknown indigo 
solutions. 

These difficulties are largely overcome by Sharlit’s technique. This method 
makes use of the formation of a condensation product of indoxyl with thymol in 
the presence of persulfates. The condensation product is extracted from aqueous 
solution by forming within the reaction mixture itself the organic solvent ethy] 
trichloracetate, which slowly settles out, carrving the pigment down with it. 
Under these conditions both the reaction and the subsequent extraction ean be 
earefully controlled. This procedure, when modified as deseribed below, has 
been adopted as the method of choice. 


PROCEDURE 


Ten milliliters of unfiltered urine preserved under toluene are placed in a 
volumetric flask and diluted to 100 ml. with distilled water. Five milliliters 
of this diluted urine are measured into a 15 ml. graduated centrifuge tube. The 
reagents are added in the following order: 0.5 ml. of 1 per cent potas- 
sium persulfate solution, 0.5 ml. of 1 per cent thymol in 95 per cent ethyl aleo- 
hol, 5 ml. of 25 per cent trichloracetic acid in concentrated hydrochloric acid. At 
the same time another tube is prepared for a blank determination; urine and 
reagents are added in the same quantities except that thymol-free alcohol is e 
ployed. After the solutions have been mixed, each tube is placed in a boiling 
water bath until the ethyl trichloracetate has separated out, and the aqueous 
layer is essentially free from pigment. This ordinarily requires about twen!: 
minutes. The tubes are then centrifuged briefly and as much as possible of t 
supernatant aqueous layer is removed with a pipette. The trichloracetate lay’ 
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together with the small volume of aqueous layer remaining in the centrifuge 
tubes, is taken up in sufficient glacial acetic acid to bring the volume to the 5 ml. 
mark; the solutions are then transferred to special tubes for use in a Klett- 
Summerson photoelectric colorimeter, and are thoroughly mixed by pouring back 
and forth between the centrifuge tube and the colorimeter tube. The intensity 
of color in the acetie acid solutions is read immediately in the photoelectric 
colorimeter, using a No. 540 filter. The logarithmic scale reading given by the 
blank determination is subtracted from the reading of the unknown solution. 
The concentration of indican in micrograms per milliliter of urine is calculated 
as given below. If the reading on the colorimeter is less than 200, er more than 
400 seale units, greater accuracy is achieved by repeating the test, using ap- 


propriately greater or smaller amounts of urine. 
DISCUSSION OF METHOD 


Preservation of the Urine.—Estimations have been carried out on twelve- 
and twenty-four-hour specimens of urine. Although it is usually stated that 
the indiean reaction must be performed on freshly passed urine, we have found 
that the addition of a few milliliters of toluene to the urine when first passed is 
sufficient to maintain the values obtained by this method for at least twenty-four 
hours. As pointed out by Sharlit, formaldehyde should not be used as a pre- 
servative. 

Amounts of Reagents.—Using 0.5 ml. of urine, it was found that the amount 
of potassium persulfate could be varied considerably without affecting the re- 
sults of the determination. We have used 0.5 ml. of a 1 per cent solution. The 
results were found also to be unaffected by increasing the volume of alcoholic 
thymol solution employed. In practice 0.5 ml. of a 1 per cent alcoholic solution 
of this reagent is sufficient. The 25 per cent trichloracetic acid in concentrated 
hydrochlorie acid used by Sharlit® in his estimation of indican in plasma was 
employed suecesstully in urine estimations. 

Time Necessary for the Various Stages.—It was not tound necessary to 
allow the tubes to stand for fifteen minutes to cool after removal from the water 
bath, as recommended by Sharlit. Nor was any advantage gained by allowing 
the tubes to stand at various stages of the test, as Townsend’ recommended. 
Considerable saving of time is achieved by the omission of these steps. 

Colorimetry.—Townsend® has shown that the spectrum of the indoxyl- 
thymol eondensate exhibits maximum light absorption at about 540 mp. <A 
No. 540 filter was, therefore, used in the colorimeter. The use of a Klett-Sum- 
merson photoelectric colorimeter has definite advantages over visual colorimetry. 
The personal factor is eliminated in making the readings. Furthermore, since 
solutions of the indoxyl-thymol condensate obey Beer’s law reasonably well 
within the limits of the concentrations recommended in this procedure, the read- 
invs obtained on the logarithmie scale of the colorimeter can be converted directly 
into terms of a concentration of indican by simple multiplication of the reading 
by the same factor over the recommended length of scale. 

The Standard.—The conversion factor was experimentally determined by 
carrying out the estimation on an indican solution of known concentration. 
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Obviously the validity of the standard depends upon the purity of the 
specimen of indican used for this purpose. It is possible that indican obtained 
from various commercial sources may vary appreciably in its degree of purity. 
This is suggested by the fact that the figures given by Townsend?® for the level 
of indican in normal plasma unaccountably disagree with those given by 
Sharlit.£ This discrepancy may be partly explained by differences in thei 
standards, due to different degrees of purity in the specimens of indican they 
employed. For this reason, particular precautions were taken to ensure thi 
purity of the indican used in obtaining the standard. A specimen of indican,* 
manufactured by Fraenkel and Landau, was purified by reerystallization. Th« 
temperature of decomposition was checked and found to be 180° C.  Miero 
determinations for sulfur and nitrogen yielded the results given in Table I. 
These values show satisfactory agreement with the theoretical values when the 


errors of the methods are considered. 
TABLE I 


FOUND PHEORETICAL 
Nitrogen 4.6 per cent 5.2 per cent 
Sulfur 12.7 per cent 11.9 per cent 

lurther tests showed that this specimen of indican gave standard read- 
ings which agreed well with those obtained by Sharlit who used a specimen from 
a different source. He employed a solution of cobalt sulfate as a standard for 
use in a comparison colorimeter, and stated that a 1.5 per cent solution of 
Cosé ) .7H,O matched the color given by 2 ml. of acetic acid solution containing 
indoxvl-thymol condensate derived from 0.0086 me. of indican. We found that 
under our conditions 50 pg of indican gave the same colorimeter reading as a 
3.5 per cent solution of CoSO,.7H.O. This agrees with results of Sharlit to 
within 3 per cent. 

Calculation of Results ——The colorimeter readings obtained with different 
amounts of indican were determined experimentally under the conditions of the 
test using standard aqueous solutions of indican. The results are given in 
Table II. 

TABLE IJ 
DETERMINATION OF THE CONVERSION FACTOR FOR INDICAN 
INDICAN IN w&G NUMBER OF AVERAGE COLORIMETER CONVERSION 
PER 0.5 ML. OBSERVATIONS READING FACTOR 
137 0.182 
262 0.190 
392 0.191 


492 0.203 
125 > > ”) 2 
29 600 0.208 


[t will be seen from the figures in Table II that the factor necessary to con- 
vert colorimeter readings into terms of the amount of indican present varies 


somewhat over the range employed; or, in other words, when colorimeter re: d- 


*Obtained through the courtesy of Dr. S. R. Townsend, 
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ines are plotted against concentrations of indican, the resulting calibration 
curve is not absolutely linear, as required to fulfill Beer’s law exactly. How- 
ever, the differences between the factors for each concentration of indican are 
so small that for practical purposes one factor may be used throughout. We 
have employed the factor 0.38 to convert colorimeter readings into terms of 
micrograms of indican per milliliter of solution. This faetor is obtained from 


the equation : 


Indiecan in micrograms 
Factor 


Colorimeter reading x volume of indican solution 262 x 0.5 
substituting the values for the point of greatest experience, Table IL. Use 
of this single factor for all concentrations introduces a possible error of not 
more than 5 per cent when the colorimeter readings lie between 200 and 400 
seale units. The twenty-four-hour exeretion of indiean is ealeulated as follows: 


Ure 


24-hour excretion of indiean in me. Colorimeter reading > volume of urine. 


1,000 


Since it is possible that there may be slight differences between individual 
colorimeters of this type, we suggest as a check the use of a 3.5 per cent 
CoSO,.7H.O solution to determine the colorimeter reading which should be 
given by 50 pe of indican under the conditions of this test. 

Recovery of Indican Added to Urine.-We have found that on adding a 
known amount of indican to urine the recovery is quantitative. 

Blank Determination.—Sharlit did not feel it necessary to carry out a 
blank determination as recommended here. However, we have found that in 
certain urine specimens (notably in specimens obtained from eases of liver 
disease) high blank readings are sometimes obtained with the use of thymol- 
free aleohol. This high blank is due to nonspecific substances which on ox- 
idation by persulfate form colored products soluble in ethyl trichloracetate. 
Such substances might inelude urorosein and perhaps bile products. Contrary 
to Sharlit’s statement, we have found that preliminary treatment of the 
urine with basie lead acetate may sometimes result in a significant reduction 
in the colorimeter reading, due to the removal of such interfering pigments. 
In theory a small part of the blank estimation may be due to indican itself, 
since in the presence of persulfate it could be converted to indigo which, dis- 
solved in the trichloracetate, may increase the reading on the colorimeter. How- 

in our experience the addition of indican to a number of urine specimens 
resulted in no significant increase in the blank reading. In practice, there- 
the blank is subtracted from the reading of the unknown without correct- 
for a small error which occasionally may be introduced by the additional 
added to the blank by the conversion of indican to indigo by persulfate. 

If the persulfate is also omitted from the blank determination, very much 

her readings may be obtained, which indicates that persulfate plays some 

in the decolorization of pigments which would otherwise interfere still 
er with the estimation. 

[t is evident that any substance will interfere in this test if it can form 

ored condensate with thymol in the presence of persulfate, which in turn 
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is soluble in ethyl trichloracetate and has an absorption band in the region of 
D040 pu. Our own experience and that of Sharlit indicate that it is highly im- 
probable that urinary constituents other than indican will contribute signi 
ficantly to such color production. Sharlit showed that of a number of sub- 
stances tested, only glucose, formaldehyde, and tryptophane produced any color 
under these conditions, and then only in insignificant amounts. In addition, 
we have investigated the effect of added indole and indole-8 acetie acid on the 
test. Two-tenths milligram of each of these substances when added to samples 
of urine taken for test failed to produce any significant increase in the col 
orimeter reading, It seems, therefore, that this reaction is sufficiently specific 
to exclude unsubstituted indole, and its simple substitution products, such as 
indole acetic acid. Hence it is probable that the test is, in fact, specific for 
indoxyl and its salts and just possibly a few other derivatives of indole so 
closely related chemically that they are indistinguishable from indican. 
SUMMARY 

The need for a reinvestigation of the significance of the urinary excretion 
of indole derivatives has prompted a consideration of the various methods 
available for the estimation of indoxyl compounds in urine. It has been found 
that Sharlit’s method, with the modifications contributed by this investigation, 
yields quantitative results. 
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A MODIFICATION OF THE COLORIMETRIC PHOSPHORUS 
DETERMINATION FOR USE WITH THE PHOTOELECTRIC 
COLORIMETER* 


G. Gomor!I, M.D., Cuicaco, It. 


HE two most widely used colorimetric methods for the determination of 

phosphorus are those of Fiske and Subbarow,'! and of Kuttner and Cohen,’ 
with minor adaptations of the techniques for specific purposes. The Benedict- 
Theis* modification of Briggs’! method, although highly praised for its ae- 
curacy by Bodansky,’ cannot be used in the presence of phosphorie esters be- 
eause boiling, which is a part of the procedure, will hydrolyze them. 

Both the Kuttner-Cohen and the Fiske-Subbarow methods have certain 
advantages as well as inconveniences. The one great advantage of Kuttner and 
Cohen’s method is the excellent stability of the color. However, this advantage 
is more than counterpoised by two serious drawbacks: — first, the extreme 
sensitivity of the method to interfering substances and to minimal impurities 
in the reagents; second, the narrow range of acid concentration within which 
colorless blanks and proportionate readings are obtained. A slight deviation 
from this concentration results in colored blanks or erratie readings, or both. 
A third much less serious disadvantage is that the stannous chloride reagent 
has to be diluted fresh daily. The Fiske-Subbarow method is far less sensitive 
to interfering substances and to the concentration of acid. However, it still 
requires the use of three different molybdate solutions for the use with samples 
containing various amounts of acid. The second drawback of the method is 
that the aminonaphtholsulfonie acid reducer does not keep well. Even in a well- 
stoppered bottle it becomes increasingly vellowish brown, and at the same time 
s reducing power slowly declines, especially if the sulfite used in preparine 
the solution is not absolutely fresh. A 14-day-old solution may give 10 to 15 
per cent lower readings than a freshly prepared one, as found in our experi- 
ments. In addition, sometimes for no apparent reason it will precipitate in 


the test tube, making the liquid so turbid that it eannot be read without filtra- 


tle The third drawback of the Fiske-Subbarow method is that the intensity 
of the color produced increases continuously for several hours. If a visual 
colorimeter is used this will cause no complication, since the standard will 


] . . . . 
darken at the same rate. However, with a photoelectric colorimeter, an instru- 
met which is superseding the older visual types at a fast rate, the results may 
onsiderably off if readings are not taken at a strictly specified time. 
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An attempt was made to develop a method which combines the advantages 


of the methods mentioned, with elimination of their drawbacks. 
EXPERIMENTAL 


In a first series of experiments the Benedict-Theis, Fiske-Subbarow, and 
Kuttner-Cohen methods were compared with respect to (1) their acid tol 
eranee, and (2) the stability of the color produced. All readings were ob 
tained with a photoelectric colorimeter. 

Acid tolerance is defined as the permissible range of final acid concentra 
tion within which the method gives uniform readings at the optimum time 
suggested by the deviser of the method. It was found that within wide limits 
of molybdate concentration (0.1 to 1 per cent Na,MoO,.211,0) the acid tol 
erance of each method depends only on the proportion between molybdate and 
sulfuric acid in the final mixture. Acid tolerance will be expressed by the per 
missible range of eubie centimeters of normal sulfuric acid per 10 meg. of 


sodium molybdate under the conditions mentioned. 


Acid Tolerance 


Benedict-Theis Method 0.9 to 2.2 e@.¢. 
Fiske-Subbarow Method it te 2. ‘|. 
Kuttner-Cohen Method 1.3 to 1.45 e@.e. 


If the amount of acid present in the mixture is below the lower limit of 
tolerance, the readings will be too high and the blanks may he colored ; if the 
amount of acid is above the upper limit, the readings will be too low. 

As shown by the data, the range of acid tolerance of the Kuttner-Cohen 
method is very narrow. With the Fiske-Subbarow method the final concentra 
tion of acid is 2 ¢¢. per 10 mg. of molybdate. This is so close to the upper 
limit of tolerance that they realized the necessity of using special mix 
tures (molybdate II and molybdate IIL) with samples that contain additional 
free acid. Hyvdroquinone, used in the Benedict-Theis method, has an excellent 
acid tolerance. We found that boiling, an undesirable feature of this method, 
is unnecessary if the concentration of hydroquinone is increased to 1 per cent 
and that of the bisulfite is cut to 3 per eent. Although the color is somewhat 
slow to develop, it is extremely stable for a long period of time. This slow de 
velopment of color is the main objection of Fiske and Subbarow to the Briggs 
method. However, it is hard to see why this should be considered a_ short 


coming as long as the method is satisfactory otherwise. In faet, slow develop- 


ment of color with sustained stability is a decided advantage, especially whet 
a large number of determinations have to be done with a_ photoelectric 


colorimeter. 


t 


However, one of the objections of Fiske and Subbarow to hydroquinone i: 
a valid one. It is the production of a brownish shade with molybdates. 

The stability of the colors obtained with the methods mentioned is given 
in Table I. 


Some other substances, part of which were tried previously by Fiske ar 


4 


Subbarow, were examined in order to find one that would give stable soluti 
and colorless blanks. Three of them, 2:4-diaminophenol hydrochloride (co: 





Tt 
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mereial names, amidol, acrol), methyl-p-aminophenol sulfate (commercial 
names, metol, elon, graphol, ete.), and p-phenylenediamine were found to 
meet all requirements, in spite of the fact that Fiske and Subbarow were not 
satisfied with the first two. We are unable to explain why they did not find 
them satisfactory sinee they did not state their reasons. 

Of the three substances mentioned, clon is the one of choice on account of 
its low price and its excellent keeping qualities. Unlike aminonaphtholsulfonie 
acid, it is readily soluble in a bisulfite solution. It can be kept almost in- 
definitely either in the crystalline form or in solution with 3 per cent sodium 
bisulfite.* The blanks produced with it are colorless. It is very insensitive 
to many common interfering substances. The following substances in the 
amounts stated per 15 ¢.c. of final mixture did not produce appreciable devia- 
tions in the readings in our set-up: 


Sodium fluoride id mg. 
Sodium oxalate 15 mg. 
Sodium citrate 15 mg. 
Sodium nitrite 3 mg. 
Sodium nitrate 150 me. 
Sodium chloride 500 meg. 
Ammonium sulfate 500 meg. 
Ferrie chloride 15 me. 
Trichloroacetic acid 750 me. 


In the ease of large amounts of silicates special precautions, which will 
be mentioned later, have to be taken. 

The acid tolerance of e/on is 0.9 to 2.2 ¢.e. This considerable range of acid 
tolerance permits the use of a single molybdate-sulfurie mixture for all kinds 
of samples, with almost no regard for the amount of free acid they may con- 
tain. For instance, if in the set-up to be described later 5 ¢.c. of the molybdate- 
sulfurie reagent is used, an amount of acid equivalent to 0.5 ¢@.c. of concentrated 
sulfurie acid will be tolerated. 

The intensity of the color is practically the same as that obtained in the 
Fiske-Subbarow method. The stability of the color is given in Table I. The 
data were obtained by first calibrating the curves at the optimum times of 
reading, as specified by the authors or as found by us. Values at other times 
were read from these curves. The sample contained 0.04 mg. of phosphorus. 
Readings at optimum times are in italies. 


TABLE ] 


Von Ma. OF PHOsPHorus 


5 MIN. 10 MIN. 30 MIN. 60 MIN. 120 MIN. 
Kutiiner-Cohen method 4 1 t } 4.06 
I Subbarow method 3.92 4 £15 4.25 4.5 
Hy \roquinone (room temperature) 3.2 3.60 | t a 
I 3.35 3.82 4 t 4 


On the basis of the afore-mentioned data and of the constaney and pro- 
portionality of the readings obtained with elon, we are of the opinion that its 
use offers definite advantages over previous methods. 


*Miiller® uses elon in a 5 per cent solution of neutral sodium sulfite. This solution keeps 
ve poorly. The reading time proposed by Miiller (fifteen minutes) is too low. 
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The following method was found to be simple and dependable. Its re 
sults in many hundred determinations on biological materials (serum, tissues, 
phosphatase) were compared with those obtained with the Fiske-Subbarow and 
Kuttner-Cohen methods, and proved to be in excellent agreement : 

Solutions required. 

1.10 N sulfurie acid. Pour 282 ¢.¢. of concentrated sulfuric acid: into 
600 ¢.¢. of water. Cool and make up to 1,000 e.e. 

2. Molybdate-sulfurie reagent. Mix 2 parts of a 5 per cent solution ot 
sodium molybdate (Na,MoO,.2H.O), 1 part of 10 N sulfuric acid, and 1 part 
of water. 

3. Reducing solution. Dissolve 1 Gm. of clon in 100 ce. of a 3 per cent 
solution of sodium bisulfite. 

Procedure. The method has been worked out for use with photoelectric 
colorimeters only, 

1. Calibration of the curve. Prepare a standard solution of monobasic 
potassium phosphate, containing 0.01 me. of phosphorus per cubic centimete) 
(110 me. of the salt in 2,500 ¢.¢.. with 1 ©. of coneentrated sulfuric acid 
Measure into each of 7 test tubes or volumetric flasks, as the type of thi 
colorimeter may require, 2.5 ©. of the molybdate-sulfurie reagent. Add 2 
ec, of the phosphorus standard to the first tube, and 1 ¢.¢. more to each con 
secutive tube. The last tube will contain 8 ¢.¢. of the standard. Add 1 ¢.e. of 
elon solution to each of the test tubes and fill them up to 15 or 25 @e., re- 
spectively.* Read within from forty-five to ninety minutes. Use a red filter 
with transmission limits of about 600 and 750 my. Plot readings on a semi 
logarithmie graph paper. The readings should fall in a straight line. 

If a range of much higher phosphorus values is required, the method of 
calibration will remain the same, except for proportionately larger amounts 
of reagents and final volumes. 

2. Determination of phosphorus in sample. Measure 2.5 ¢e. (or, if the 
sample is very acid, as after wet ashing, 5 ¢.¢.) of molybdate-sulfurie reagent 
into a test tube or flask. Add about 5 ¢.c. of water. Add a measured aliquot 
of the sample, caleulated to have a phosphorus content within the reading 
limits. Measure 1 ¢.c. of clon solution into the tube and fill up to the mark. 
Read as before. 

If the amount of phosphorus in the sample is entirely unknown, one maj 
proceed in the following way: Place 2.5 ¢.«. of the molybdate-sulfurie reagent 
in the test tube and dilute it with about 5 ©. of water. Add first a small 
aliquot, say 1 ¢.¢., of the sample, followed by 1 ©. of elon solution. Wait a 
few minutes. With some experience it will be easy to judge whether the in 
tensity of the color is within the range of readings. If it is, dilute to the usual 
volume. If the solution looks too pale, another measured aliquot may be added 
until the color seems to be of about the right intensity. On the other hand, 
if the solution is too dark, it should be diluted to a greater final volume 


*With the Evelyn colorimeter the final volume should be 25 
more narrow test tubes, such as the Lumetron apparatus, 15 c.c. 


c.c.; with colorimeters usi'is 
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up to 8 times). In our experiments we found that if such diluted solutions 
are read from a curve calibrated at a smaller volume, a correction of 1.75 per 
cent has to be added to the values for each 100 per cent of diluent; for instance, 
with a curve ealibrated at 25 ¢.¢., a reading at 50 ¢.c. requires a correction of 
1.75 per cent; at 100 ¢.¢., a correction of 3 « 1.75 or +5.25 per cent. 

In the case of the presence of large amounts of silicate add 0.5 ¢.c. of 10 N 
sulfurie aeid for each 2.5 ¢.e. of the molybdate-sulfurie reagent to the solution 
before adding the sample in order to depress the reduction of silicomolybdie 
acid. Take readings between forty-five and fifty minutes. The results of this 
slight modification of the elon method compare very favorably with those ob- 
tained with the Fiske-Subbarow technique. It was found that the latter method 
is far more sensitive to silicates than the data given by the authors would in- 
dicate. 

Table If shows the results of the Fiske-Subbarow method, of the original, 
and of the modified e/on method in the presence of sodium silicate. All samples 
contained 0.05 mg. of phosphorus in 15 ¢.¢. of the final mixture. To one series 
of the tubes 2 me. of sodium silieate (Na,SiO,.9H,0) were added; to the other 


series 10 me. Readings were made in 1/100 mg. of phosphorus. 


TABLE II 





5 MIN. 10 MIN. 30 MIN. 45, MIN. 60 MIN. QQ MIN, 
Fiske-Subbarow 
Control 1.2 ? 5.22 5.28 oe 3.45 
2 mg. silicate 1.2 5.1 D7 ».86 2 6.5 
10 mg. silicate 4.2 7.8 7.9 8.2 9.1 ir 
Elon, original 
Control 1.d 1.6 1.9 5.0 5.0 5.0 
Z me, silicate 6.5 7.20 9.25 LT a 14.5 
10 me. silicate 14.5 
lon, modified 
H.SO, added 
Control 4.3 1.5 1.8 5.0 5.0 5.0 
“’ me. silicate 1.5 4.7 5.0 5.0 a 5.16 
10 me. silieate 1.6 1.8 5.0 OL 5 is a0 


If the sample is alkaline, it must be neutralized or, even better, acidified 
with trichloroacetic or dilute sulfurie acid, since the acidity of the molybdate- 
sulfuri¢e reagent is close to the lower limit of tolerance. 


SUMMARY 


The advantages and drawbacks of the Fiske-Subbarow and the Kuttner- 
Coien methods for the colorimetrie determination of phosphorus are evaluated. 
Tl» use of elon as a reducing agent is suggested. A new method, adapted for 
us’ with the photoelectric colorimeter, is described. This method combines the 
ad: antages and eliminates the handicaps of the methods mentioned. 
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ADAPTATION OF THE SILVER COBALTINITRITE METHOD FOR 
POTASSIUM TO THE PHOTOELECTRIC COLORIMETER* 


Kart H. Woop, M.D., Pu.D., Boston, Mass. 


Hi silver cobaltinitrite potassium method was introduced by Breh and 

Gaebler (1930) as an improvement of the cobaltinitrite method of Kramer 
and Tisdall (1921). This procedure has been modified and its capabilities 
have been studied by Robinson and Putnam (19386), Truszkowski and Zwemer 
(1937), Ismail and Harwood (1937), Weichselbaum, Somogyi, and Rusk 
(1940), and Harris (1940 

The main advantages of this method over the more standard chloro 
platinate method are: simpler analytical technique, lack of interference of 
sodium ion, decrease in the time required for an analysis, and the relatively 
small cost of the reagents used. However, the method has the serious disad 
vantage that it is based on reactions which do not occur in a strictly stoichio- 
metrical basis. 

Silver cobaltinitrite is formed by the interaction of silver nitrate and 
sodium cobaltinitrite. Silver cobaltinitrite forms highly insoluble salts with 
potassium. There reactions can be represented as follows (Burgess and Kamm, 
1912): 

3AgNO, + Na,Co(NO,), — 3NaNO Ag.Co(NO.), 
Ag,Co(NO,), + K* — Ag,KCo(NO,), + K* — AgK,Co(NO.,), 
(precipitates (precipitates ) 


As these reactions indicate, the composition of the precipitated potassium 
salt is not fixed and may vary under different conditions of precipitation; 
hence the potassium content of the precipitate cannot be ealeulated on a 
stoichiometric basis unless the precipitation is carried out under rigidly con- 
trolled conditions. 

Chloride, silver, nitrite, and ammonium ions will interfere with potassium 
determination by this method. The chloride ion reacts with the silver of tlie 
silver cobaltinitrite reagent to form insoluble silver chloride. The amounts 
of silver and nitrite present influence the composition of the precipitated 


*From the Department of Physiology, University of Minnesota. 
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potassium salt (Weichselbaum and co-workers, 1940). If these two ions are 
present in relatively large amounts, they will precipitate out as silver nitrite 
crystals. The ammonium ion reacts with silver cobaltinitrite reagent similarly 
to potassium, forming an insoluble complex, which unless the ammonia has been 
previously removed would be determined as potassium. 

The silver potassium cobaltinitrite complex decomposes and goes into 
solution when exposed to hot acid or alkali. The amount of silver, nitrite, or 
eobalt in the resulting solution ean be determined and serves as an indirect 
measure of the amount of potassium in the solution from which the complex 
was precipitated. 

The cobalt ion in relatively nonaqueous solutions, such as 95 per cent aleo- 
hol or acetone, reacts with ammonium thioevanate according to the following 
reactions (Heinz, 1929; Steffen, 1932) : 


Co(NO,), + 2NH,CNS — Co(CNS 2NH,NO, 
( eolorless ) 
Co(CNS), + 2NH,CNS — (NH,).Co(CNS) 
(blue) 


Breh and Gaebler (1980) used this reaction as a means of determining 
the potassium colorimetrically. This paper deals with the adaptation of this 


ecolorimetrie method to the photoelectrie colorimeter. 
METHODS 


The light transmission of aleoholi¢ ammonium cobalt thiocyanate solutions 
from potassium analyses of standard potassium sulfate solutions was examined 
speetroscopically. The color of these cobalt solutions was found to be a mixture 
of red and blue, since the solutions absorb a relatively narrow band of light 
between 5,900 and 6,360 A.U. The type of photoelectric colorimeter* used in 
this study measures the intensity of light transmitted through the solutions 
being analyzed, and in this sense might better be called a photometer. The 
instrument attains a high degree of sensitivity, and in a sense becomes a 
colorimeter when used with filters which absorb all light outside the absorption 
raiges of the solutions to be analyzed. A compound filter, which transmitted 
light between 5,800 and 6,560 A.U., was found suitable for use with these cobalt 
solutions. 

The silver cobaltinitrite reagent and the precipitation procedure used in 
the potassium analyses were as deseribed by Truszkowski and Zwemer (1937). 
By means of a stopeock-controlled siphon, equipped with a capillary tip bent 
up at the end and beveled at the same slope as the inside of the pointed tip 


The Evelyn Photoelectric Colorimeter. manufactured by the Rubicon Company, Phila- 

ade i, Pa., was used in this study. The Klett-Summerson Photoelectric Colorimeter, manu- 
f d by the Klett Manufacturing Company, New York, has been used in more recent ex- 
pe nts, 
In more recent experiments the precipitation procedure and wash reagent of Harris 
have been used, and 1.5 ¢.c. of 7 per cent sulfuric acid have been substituted for nitric 
Ac the solvent for the precipitated potassium complex. Such solutions made up to 10 c.c. 
M per cent alcoholic ammonium thiocyanate are stable and when analyzed with the Klett 
phi ectrie colorimeter show a. straight line relationship between concentration and the 
meter reading. The best sensitivity has been attained with a combination of Corning 
filte:. Nos. 245, 965, and 978. 
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ADAPTATION OF THE SILVER COBALTINITRITE METHOD FOR 
POTASSIUM TO THE PHOTOELECTRIC COLORIMETER* 


Kart H. Woop, M.D., Pu.D., Bosrox, Mass.1 


HE silver cobaltinitrite potassium method was introduced by Breh and 

Gaebler (1930) as an improvement of the cobaltinitrite method of Kramer 
and Tisdall (1921). This procedure has been modified and its capabilities 
have been studied by Robinson and Putnam (19386), Truszkowski and Zwemer 
(1937), Ismail and Harwood (1937), Weichselbaum, Somogyi, and Rusk 
(1940), and Harris (1940 

The main advantages of this method over the more standard chloro 
platinate method are: simpler analytieal technique, lack of interference of 
sodium ion, decrease in the time required for an analysis, and the relativel) 
small cost of the reagents used. However, the method has the serious disad 
vantage that it is based on reactions which do not oeeur in a strictly stoiehio- 
metrical basis. 

Silver cobaltinitrite is formed by the interaction of silver nitrate and 
sodium cobaltinitrite. Silver cobaltinitrite forms highly insoluble salts wit! 
potassium. There reactions can be represented as follows (Burgess and Kamm, 
1912): 

oNO Na,Co(NO,), — 3NaNO As. Co(NO 


F. g,Co(NO,), yt kK ed Ag KCo(NO , Ix —> Aglk ee NO 
(precipitates (precipitates ) 


As these reactions indicate, the composition of the precipitated potassium 
salt is not fixed and may vary under different conditions of precipitation ; 
hence the potassium content of the precipitate cannot be ealeulated on 
stoichiometric basis unless the precipitation is carried out under rigidly co 
trolled conditions. 

Chloride, silver, nitrite, and ammonium ions will interfere with potassium 
determination by this method. The chloride ion reacts with the silver of t! 


silver cobaltinitrite reagent to form insoluble silver chloride. The amounts 


of silver and nitrite present influence the composition of the precipitated 
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potassium salt (Weichselbaum and co-workers, 1940). If these two ions are 
present in relatively large amounts, they will precipitate out as silver nitrite 
erystals. The ammonium ion reacts with silver cobaltinitrite reagent similarly 
to potassium, forming an insoluble complex, which unless the ammonia has been 
previously removed would be determined as potassium. 

The silver potassium cobaltinitrite complex decomposes and goes into 
solution when exposed to hot acid or alkali. The amount of silver, nitrite, or 
cobalt in the resultine solution ean be determined and serves as an indirect 
measure of the amount of potassium in the solution from which the complex 
was precipitated. 

The cobalt ion in relatively nonaqueous solutions, such as 95 per cent aleo- 
hol or acetone, reacts with ammonium thiocyanate according to the following 
reactions (Heinz, 1929; Steffen, 1982) : 

Co(NO,), + 2NH,CNS — Co(CNS), + 2NH.NO, 
(eolorless ) 
Co(CNS), + 2NH,CNS — (NH,).Co(CNS), 
(blue) 

Breh and Gaebler (1980) used this reaction as a means of determining 

the potassium colorimetrically. This paper deals with the adaptation of this 


colorimetrie method to the photoelectric colorimeter, 


METHODS 


The light transmission of aleoholie ammonium cobalt thiocyanate solutions 
from potassium analyses of standard potassium sulfate solutions was examined 
spectroscopically. The color of these cobalt solutions was found to be a mixture 
of red and blue, since the solutions absorb a relatively narrow band of light 
hetween 5,900 and 6,360 A.U. The type of photoelectric colorimeter* used in 


this study measures the intensity of light transmitted through the solutions 


being analyzed, and in this sense might better be called a photometer. The 


nstrument attains a high degree of sensitivity, and in a sense becomes a 
colorimeter when used with filters which absorb all light outside the absorption 
anges of the solutions to be analyzed. A compound filter, which transmitted 
ht between 5,800 and 6,560 A.U., was found suitable for use with these cobalt 
itions. 
The silver cobaltinitrite reagent and the precipitation procedure used in 
potassium analyses were as deseribed by Truszkowski and Zwemer (1937).+ 
means of a stopcock-controlled siphon, equipped with a capillary tip bent 


at the end and beveled at the same slope as the inside of the pointed tip 


*The Evelyn Photoelectric Colorimeter. manufactured by the Rubicon Company, Phila- 
ia, Pa., was used in this study. The Klett-Summerson Photoelectric Colorimeter, manu- 
ired by the Klett Manufacturing Company, New York, has been used in more recent ex- 
ents, 

‘In more recent experiments the precipitation procedure and wash reagent of Harris 
0) have been used, and 1.5 ¢.c. of 7 per cent sulfuric acid have been substituted for nitric 
as the solvent for the precipitated potassium complex. Such solutions made up to 10 c.e. 

> per cent alcoholic ammonium thiocyanate are stable and when analyzed with the Klett 
electric colorimeter show a straight line relationship between concentration and the 
nometer reading. The best sensitivity has been attained with a combination of Corning 

Nos. 245, 965, and 978. 
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centrifuge tube* in which the precipitation of the silver potassium cobaltinitrite 
complex is carried out, it has been found possible to withdraw the supernatant 
fluid completely enough so that the required number of washings and conse 
quent eentrifugines ean be reduced from three to one without detectable loss 
in accuracy. 

The procedure developed for the preparation of the potassium complex 
for photometric analysis was as follows: The supernatant wash fluid above 
the silver potassium cobaltinitrite complex was removed as completely as pos 
sible with the capillary siphon described above. One cubic centimeter of a 7 
per centt nitrie acid solution was added, and the precipitate was dissolved b) 
eareful heating over a microburner. After cooling, the volume was made up 
to the 15 ¢.e. mark of the calibrated centrifuge tube with a freshly prepared 2 
per cent ammonium thiocyanate solution in 95 per cent ethyl alcohol. A blank 
consisting of 1 ¢e¢. of 7 per cent nitrie acid made up to 15 ¢.e. with the thio 
evyanate solution was also prepared. The centrifuge tubes were closed wit! 
rubber stoppers previously washed with a nitrie acid-alcohol solution with the 
same acid and alcohol content as the blank. The tubes were centrifuged fo 
three minutes to remove any suspended particles. The solutions were ther 
poured into the photometer tubes, the photometer tube shield placed at the 10 
¢.e. position, the zero point adjusted, and the rheostats set so that the gal 
vanometer deflected to the 100 mark with the blank solution. The deflections 
of the cobalt solutions were then recorded. The photometer readings for alco 
holie ammonium cobalti-thioevanate solutions prepared in this manner and 
tightly stoppered will remain constant for several hours at room temperatur 
and for days if kept at temperatures below 10° C 

The photometer was calibrated by running several series of analyses on 
known potassium sulfate solutions with potassium contents from 0.05 to 0.50 mg. 
by steps of 0.05 mg. <A calibration curve was constructed by plotting the log of 


the galvanometer deflections against the potassium content. 
RESULTS 


The accuracy obtained in potassium analyses of dog whole blood and plasma 
with this method, using an ordinary colorimeter, has been previously reported 
(Wood, Collins, and Moe, 1940). Calculations based on 251 duplicate analyses 
indicated that the probable error of a single analysis was 1.2 per cent, or 2.3 jg 
of potassium per cubic centimeter of plasma. The photoelectric colorimeter, 
it is to be satisfactory for use with this method, must have a sensitivity which 
will allow detection of potassium content differences of less than 3 pe. T 


standard deviation of a single photoelectric potassium analysis was caleulated 


from 74 triplicate analyses of standard potassium sulfate solutions. Te 


*Very pointed tip centrifuge tubes similar to the Keys (1937) chloride tube, but 1 
with a small glass foot to prevent perforation of shield cushions during centrifugation, | 
been found suitable for the accuracy of the procedure and greatly increase it. 

7It was found that the alcoholic cobalt thiocyanate solution was not stable if the 
potassium cobaltinitrite complex was dissolved in 20 per cent nitric acid, as described by | 
and Gaebler. In the course of an hour or so, depending on the temperature, this solution t 
green, and a yellow precipitate forms, probably due to the transformation of the thiocyanat 
perthiocyanogen as a result of the oxidizing action of the nitric acid (McAlpine and 8S 
1933). This difficulty can be avoided by the use of 7 per cent nitric acid as the dissolving ag 
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Fig. 2.—Potassium analyses of standard potassium sulfate solutions: Variation of pho- 
ter calibration curves with aging of the sodium cobaltinitrite reagent (color: ammonium 
tithiocyanate blue). 

*All standard potassium sulfate solutions were made up by dilution from the same stock 
on. Each point is based on the averages of from 3 to 9 separate potassium analyses. 
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standard deviations have been plotted against the amount of potassium in the 
sample (Fig. 1). The average probable error in samples ranging from 50 to 
500 pg of potassium was +1.1 per cent (0.9-2.0). This probable error for potas- 
sium analyses is acceptable for most biologic studies. 

The photoelectric colorimeter calibration curve (Fig. 2) in the region from 
50 to 300 ng of potassium was found to approach a straight line, the theoretical 
prediction for such an instrument. The slope of the calibration line in this 
region is such that 2.5 to 3.0 galvanometer divisions represent 10 pg of potassium. 
Since the galvanometer can be read accurately to somewhat less than one division, 
the sensitivity of the instrument will allow detection of concentration differences 
of less than 3 pe of potassium, or in terms of plasma concentrations, 0.38 mg. per 
100 ¢.e. 

Plasma potassium analyses by this method are carried out on 1 ¢.e, amounts 
of plasma; hence potassium analyses of from 50 to 800 micrograms are equivalent 
to plasma potassium concentrations of from 5 to 80 mg. per LOO ¢.e. This con 
centration range far exceeds the normal range of plasma potassium concentra 
tion found in man or in laboratory animals. 


It was found that as the sodium cobaltinitrite reagent ages, the galvanometer 


deflections obtained from analyses of the same standard solution gradually de 


creases, 1Le., an apparent increase in the potassium content of the standard 
solution. This finding was checked by determining a series of four calibration 
curves at intervals during a period of over six months. All standard potassium 
sulfate solutions used for the determination of these curves were made up by) 
dilution from the same stock solution. The silver cobaltinitrite reagent was 
made up fresh on the day of its use by the addition of 5 ¢.c. of 40 per cent silver 
nitrate to 100 ©. of the same stock solution of sodium cobaltinitrite reagent. 
The silver cobaltinitrite reagent was filtered by suction through a No. 4 sintered 
glass filter just prior to its use. A family of four separate calibration curves 
was obtained (Fig. 2). This change in the calibration curve apparently indi- 
cates that the cobalt content of the precipitated silver potassium cobaltinitrite 
complex increases as the sodium cobaltinitrite reagent ages. This constitutes 
a serious source of error in the use of the photoelectric colorimeter for this 
method. This source of error can be avoided to a large extent by running 
duplicate analyses of a standard potassium solution (containing 0.25 mg. of 
potassium) along with the analyses of unknown solutions. Since the calibration 
curves approach straight lines, the potassium content of the unknown solutions 
ean be determined with reasonable accuracy by interpolation between the ealibra- 
tion curves on the basis of the deflection obtained with the standard solution. 

The average results obtained for the potassium content of blood and tissue 
by the use of this method agree well with those reported from other laboratorics 
using other methods (Wood and Moe, 1942: Wood, 1942). 

Use of the photoelectric colorimeter is much less laborious and time-consu!i- 
ing than the use of the ordinary colorimeter. By means of the method deseribed 
it is easily possible for a single analyst to complete fifty potassium determi! 
tions within ten hours, omitting the time required for precipitation of the potss- 
sium complex. 
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SUMMARY 


(1) The adaptation of the silver cobaltinitrite method for potassium to the 


photoelectric colorimeter is deseribed. 


(2) The method is devoid of intricate technical procedures and substantially 


decreases the time required for a potassium analysis. 
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MEDICAL ILLUSTRATION 


AGAR COMPOSITIONS FOR MOLDING: THE TECHNIQUE OF 
COMPOUNDING AND USING* 


CarL DAME CLARKE, PH.D., AND ELIZABETH S. CONE 
BALTIMORE, Mp. 


HE compounding and technique of using agar compositions for obtaining 

impressions of human tissue have been discussed at considerable length 
in previously published articles." Recently a number of articles have ap 
peared which add materially to the information on this subject. Most notable 
among these is the review by Paffenbarger,’? who considered in detail commercial 
agar preparations. This author has perfected devices for testing compositions 
as to their strength under pressure, their elasticity, and their flowing qualities. 
He presents a set of general specifications for making agar compositions suitable 
for use in dentistry as a material for intraoral impressions. However, he does 
not explain how agar compositions may be compounded or changed to suit 
specific cases. It is the purpose of our paper to inelude a discussion of this 
important subject. 

Since the appearance of the afore-mentioned articles, Kaufman* has de- 
vised a face mask of brass tubing through which cold water may be forced to 
facilitate rapid cooling of the negative, so that it may be removed trom the tissue 
surface in a shorter period of time than was required previously. In this 
paper we shall also discuss the technique of preparing these molds in such a 
manner as to reduce the setting time of the agar composition. 

In discussing the composition of agar molding materials, a basic formula 
may be considered. It should be realized that this formula is flexible and can 
be changed to suit specific requirements. Methods for changing the formula 


will be given following the reason for using each chemical. 


Agar 4 ounces 
Water 100 ounces 
Zine oxide 1 ounce 
Oxyquinoline sulfate 10 grains 
Cellucotton } ounce 
Cotton 15 grains 


Agar is the basie substance. When mixed with water it liquefies co!m- 
pletely at 100° C. and does not jellify or start to set until it cools to about 
40°C. Paffenbarger has found this setting point to vary from 36° to 44 ©. 
in different batches of agar. It is this property of agar that makes it suite le 
as a molding material for use on living human tissue. The more serviced le 
*From the Department of Art, University of Maryland School of Medicine, Baltimor: 
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composition should set at or near 44° C. If it sets below body temperature, 37° 
C., it is less satisfactory for use on living human skin. Agar differs greatly 
from gelatin or glue in this respect. It will adhere elosely to the melting and 
setting points when mixed with water in spite of high or low concentrations. 
The amount of water in a gelatin or glue mixture plays a more important 
part on the temperature of its setting or jellving point. The higher the water 
content, the lower will be its setting point, and vice versa. 

According to Paffenbarger, manufacturers report that they find it im- 
possible to procure agar which is uniform from bateh to batch. Agar from 
different species of seaweed from various parts of the world, or from different 
parts of the same country, shows varying characteristics.” Therefore, it be- 
comes necessary to refine the crude product before it «an be used as an im- 
pression material. We have found that the commercial powdered agar has less 
strength in solution than either the granular or shredded agar. However, the 
powdered agar goes into solution more readily. The higher the agar content, 
the stronger the composition will be, but its flowing qualities will be reduced 
accordingly. The agar composition must possess a viscosity that will permit 
easy flow into the smallest details to obtain accurate impressions, such as the 
fingerprint pattern. If the flow is too sluggish, air bubbles and lap or border 
lines will be formed in the mold, whieh in turn will produce a defective east. 
The agar content, as well as each of the other ingredients, must be balanced 
against one another to produce a composition suitable for making intraoral 
molds, molds of the skin surface, and molds of inanimate objects. For example, 
a mold of the gum surtace is made by pressing a tray filled with agar ecom- 
position against the gums. Its fluidity is more viscous because the pressure 
exerted in a comparatively small space has a tendeney to reduce the possible 
formation of air bubbles. A composition suitable for application with a brush 
to the human skin, such as a face or hand, should be less fluid, since it must 
flow by gravity without pressure into every detail. However, it must be 
sufficiently viscous to remain where it is placed in adequate quantities to 
obtain a mold of the desired thickness. <A less viscous composition may be 
poured over an inanimate protoplasmie specimen, such as a part of the viscera, 
or a nonprotoplasmie specimen, such as a plaster east placed in a walled area. 
In many eases the viscosity of the agar may be controlled by the water content 
of the mixture. In other words, the same mixture may be used for all three 
purposes if the water content is changed to suit the specific ease. However, 
this is not the ideal method. The mixture should be compounded to suit 
definite requirements, because the agar content of a mixture often determines 
its setting strength or elasticity. Other ingredients, such as an excess of alum 
and iron sulfate, will reduce this strength despite the small amount of water 
used. 

Water is an important factor in the plasticity and friability of agar 
conipositions, both in the liquid and set states. The water content must be 
balaneed against all other ingredients. Regardless of the other ingredients, if 
there is too much water in the mixture it will lack strength and elasticity. 
Th agar content imparts these desirable properties to the mixture. The re- 
maining ingredients offset difficulties that can and do arise when an agar-water 
mixiure is used for molding. 
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Zinc oxide, tale, whiting, and similar nonsoluble earths and minerals mix 
physically with agar but have little chemical effeet upon the composition as 
a whole. They give the mixture bulk and weight. Their main use is to change 
the electrolytic action of a setting plaster cast that is made in an agar mold, or 
to absorb any substance that may be exereted from the agar during and after 
setting. Such a secretion can cause a softening of the surface of a plaster east 
made in an agar mold. In other words, if these fillers or absorbing agents are 
not ineluded, a plaster cast made in an agar mold does not set properly. There 
are other substances, such as borax, sodium chloride, and sorbitol which have 
a chemical action on agar compositions, materially toughening them and at the 
same time reducing the plasticity or flowing qualities of agar compositions as a 
whole. Borax may be substituted for zine oxide; it causes the resulting mixture 
to be more elastic if the cast is to be of wax. Such a mold has a detrimental 
effect on the plaster cast. However, it is possible to balanee the borax or 
sorbitol against the zine oxide, tale, or similar earth pigments to prevent this 
softening or ‘‘skinning’”” of the resulting plaster cast, and at the same time 
produce a more elastie mold. In faet, concentrated sorbitol-agar mixtures have 
a strength that is a thousand times greater than that produced by ordinary com- 
mercial agar molding compositions. The latter compositions serve their purpose 
well in the cire-perdue or lost wax casting process as an intermediate step in 
making metal casts of sculptures. These mixtures will have to be perfeeted for 
use as a molding material for plaster casts. 

Oxryquinoline sulfate is probably the best preservative for agar compositions 
because it prevents mold growth over a long period of time. It is not as 
volatile as thymol, nor is it as toxic as phenol or sodium fluoride, all of which 
have been used without complete success. Sodium fluoride is quite toxie in 
large quantities, but it has its place as a preservative for colloidal jellies that 
are applied to inanimate nonprotoplasmic subjects. Oxyquinoline sulfate is 
used in such small proportion that it has no effect on the plasticity of the agar 
in the prejelly state. 

Cellucotton and cotton may be grouped together, since they have the 
same effect on agar mixtures, the effect being purely physical and not chemical. 
When these fibers are dispersed throughout an agar composition, they have a 
mechanical influence on the mixture, thereby holding it together. The cotton 
fibers are much longer than those of the cellucotton, which is a wood product. 
The amount of cotton fibers used must be kept low, for they tend to colleet on 
the spoon during stirring and form in knots or clots throughout the mixture. 
These two substances, especially the cellucotton, increase the internal friction 
of the mass in both the liquid and set states. In other words, they give it 
body and reduce its flowing properties or plasticity. 

Some manufacturers have incorporated rubber cement or para rubber «is- 
solved into one of its solvents, such as benzine, into their agar compositions. 
After considerable experience in carrying out over two thousand experiments 
with such mixtures, we have come to the conclusion that the rubber, even 


when incorporated properly, is not only valueless in the mixture but is one o! 


the most difficult ingredients to disperse evenly throughout the mass. It 
mixes only physically and not chemically, and provides thousands of tiny rubber 
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Fig. 1.—Making an agar mold of an inanimate object. An animate object, such as a hand, 
may be made in the same manner if a retaining wall of clay or cardboard is placed around 


the hand. A better method requiring less agar composition is shown in Fig. 3. 


A, A cardboard or, preferably, a glass box is made as a retaining wall. The agar com- 
position is poured into the box and allowed to set. 

B, After setting, the specimen is removed. 

C, The wax positive composition is poured or painted into the agar mold. If it is poured, 
the mold is turned until the composition covers all surfaces. 

D, After the composition reaches a thickness of 14 inch, gauze is applied with melted wax 
to reinforce the mold. 

E, Pieces of wood are put in place to serve as anchors for mounting the specimen on a 
wooden base. The remaining mold is poured with melted wax. If the specimen is to be hollow, 
an oblong piece of wood can be anchored on each side with gauze dipped in melted wax. This 
latter method requires less wax. 

F, After the wax reproduction is removed, it is given a coating of shellac-alcohol fixative 
to nuke it suitable for coloring. If this fixative is not applied, the wax-resin mixture of the 
bositive will mix with the oil paints used in coloring. 
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bands that in themselves exert less mechanical influence in holding together the 
particles than does the same amount of cellucotton. We are inclined to believe 
that the commercial manufacturer includes rubber purely for its psychologic 
effect on the buyer. It is reasoned that since rubber is tough and elastic, it 





Fig. 2.—The finished wax-resin casts, 
A, Wax specimen of an opened heart that was made in the agar mold seen in Fig. 1 
B, Wax cast of a kidney made in the same manner. 


should impart these qualities to agar compositions, but we have found no 
evidence of such effects. Our tests and analyses have shown that the com- 
mercial products containing rubber were less elastic than those without it 


Technique.—The basic formula mentioned in this text can be used 
the various types of molding specified. However, as in all types of art w 
the manner in which the formula is compounded and used determines 
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Fig. 3.—The painting rather than pouring method of making an agar mold of an animate 


This method uses less agar and requires about the same amount of time to make. 


A, The hand is placed on a piece of glass. 

B, The agar composition is painted on the glass around the hand to anchor it 
It is then applied over the hand. 

C, Rough edges of the agar are cut off and scraped away. 

D, Plaster which has been mixed in cold water is painted over the agar mold. If the 
has not completely set, the cold water-plaster mixture hastens setting for the agar mold. 
E, As the plaster thickens in setting, 
It up. 


into posi- 


it is applied with the hands until sufficient thickness 


F’, The top of the mold is scraped flat so that when inverted it will be level for pouring 
sitive. 
G, After the wax positive has been made, the agar mold may be taken from the plaster 


H, The agar mold is broken from the cast in removing the positive. This 


is given a coat 
lac fixative and colored, 
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quality of the finished product. For example, an impression of the hand 
may be made by painting or pouring the mixture over the skin surface, as 
seen in the illustrations. Both methods have their advantages and disadvan- 
tages. Invariably, less of the mixture is required in a painting process than 
in a pouring process. 

Thin agar molds are not sufficiently strong by themselves to hold their 


shape without crumbling or cracking. It has, therefore, become necessary to 


Fig. 4.—Making the agar mold of a face. This may be done while the subject is sitting 
erect. However, a rest for the head should be provided. 

A, A small amount of agar is placed on the back of the hand of the subject to test its 
temperature. If it is too hot, it will not only be uncomfortable, but it must remain on the 
face longer to allow complete setting. 


B, When the temperature is correct, the agar composition is applied from the neck up- 


ward. This prevents the agar composition from flowing too rapidly because of the pu if 
gravity. 

Cc, Care must be taken in working the composition around the nose to allow opening 
breathing. In this illustration the composition is allowed to run between the openings of 
nostrils. 

D, As the work progresses upward, the composition is worked carefully around the « 
ings to the nose. Even if the nostril is covered, normal breathing will cause it to open. 
composition will not be sucked into the nose unless it is too fluid. 
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follow one of two procedures to obtain a good mold. The first is to apply a 
plaster or a wax-resin shell over the thin agar mold so that it will not warp 
or break. The other method is to reinforce a thick agar mold with metal sup- 
ports or with an armature.* =A mask may be made from copper or brass wire or 
This tubular mask is illustrated and deseribed by Kaufman.‘ 


from hollow tubes. 
The mask made of tubes is superior to the wire one because cold water may be 


Fig. 5.—Making the plaster shell to support the agar mold. 
1, After the agar mold has completely covered the face, the 
d. 
B, As the plaster becomes thick during the setting, it 
ent thickness is built up. 
C, The completed plaster shell, 
Although straws placed in the nostrils could have 
| if the worker masters the technique of handling both agar and plaster. 
plaster molds. In fact, 


plaster-water mixture 


is 
been used, better results may be 


D, Agar molds are more easily removed from the face than 
mold will generally fall from the face by its own weight when the face is placed parallel 
the floor. A separating medium is necessary when making a plaster mold and should 


| before the plaster is applied. 


*A suitable wire mask is sold by the Warren-Knight Company, Philadelphia. 





applied with the hand until 


It will be noticed that openings have been left for breath- 
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foreed through the tubes and these aid considerably in cooling the agar com- 
position to its setting point. However, both the wire and tubular masks have 
two disadvantages. Seldom do they fit snugly or closely enough to the skin 


surface to allow a thin mixture of agar to be applied. If they are anchored 


to the agar mold with gauze ties previously dipped in agar, their efficacy is 


reduced and much time is consumed in the process. Less time is required to 


make a thin plaster shell. Although an agar mold may be reinforeed with 


Fig. 6.—Making an agar mold of a profile. 

A, A cardboard cutout is made to cover the profile of the face. This may be done in one 
of two methods. A piece of soft solder wire is bent over the face to take the outline of the 
face and head. This is removed and placed on the cardboard, and its inner surface is traced 
The space is then cut out of the cardboard with the scissors. The other method is to place tie 
head against a piece of cardboard. <A _ pencil is then held vertical to the cardboard and 
outline of the face is traced. These outlines seldom are absolutely accurate. Open spaces oft 
exist between the face and the cardboard. Pieces of gauze are laid over these openings as t 
agar is applied. The gauze prevents the agar from running through the opening. <As the work 
progresses from the bottom upward, the gauze is moved adjacent to the face. In cases of v 
loose hair, as seen in this illustration, it is advisable to give the hair a thin coating 
petroleum jelly to prevent the agar from flowing too deeply into the hair. However, this can be 
dispensed with if the agar composition is applied with a syringe or grease gun having a nozzle 
which can produce ribbons of agar. Similar devices are used for decorating cakes. 

B, The rough outline is cut away after the agar mold is completed. The subject 
breathe through the nostril that is not covered with agar. If breathing is difficult through 
nostril, an opening is left in the opposite side as the agar mold is applied. 

C, The plaster shell is applied after the agar mold is completed. 

D, The completed shell covering the agar mold. 
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eauze dipped in a liquid agar composition, such masks are less effective than the 
simple application of a thin plaster shell because more of the agar composition 
is required to make a thick mold, and this takes longer to set. The resulting 
thick agar mold is seldom as strong as the thin agar mold that is reinforced 
with a thin plaster shell. Furthermore, when one layer of agar composition is 
applied over a set layer, the different layers will probably separate and produce 
a weakened, crumbly mold. 


Fig. 7.—The wax cast made from the agar mold seen in Fig. 6 ready for coloring, 


A single thin painted layer is generally reinforced by means of a plaster 
rather than a wax-resin shell or case. It would be logical to reason that this 
double molding process requires more time to complete. On the contrary, this 
is not true, for the thin layer of agar composition sets quite rapidly and the 
plaster may be mixed thick, or its setting time may be accelerated by the addi- 
tion of sodium chloride or potassium alum. It is practical because detail on 
the inner surface of the case or shell is not necessary. In this manner both 
the agar mold and the shell set rapidly, in the same length of time that would 
be required for a thick agar mold or a detail plaster mold to set. 

The thin layer of agar composition obtained in painting shrinks and cracks 
rapidly. Therefore, the cast must be made soon after the mold is removed from 
the subject or the mold must be kept in wet towels if considerable time elapses 
between the making of the mold and the making of the cast. The same rule 
ap)lies to the making of impressions of the face as well as other surfaces of 
the body. We have learned from experience that in spite of these drawbacks 


better results are obtained with the thin agar mold and the reinforcing plaster 
she £ 
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Here it may be contended that a plaster mold could have been made in 
the beginning without the use of agar. This is erroneous for three major 


reasons: (1) The plaster does not record as mueh detail as the agar; (2) the 


mold is more difficult to remove from the subjeet; and (3) the east is decidedly 


more difficult to remove from the mold. 
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TISSUE, A New Staining Method for Gram-Positive and Gram-Negative Organisms in 
Frozen Sections, Krajian, A. A. Arch. Path. 32: 825, 1941. 


Method: 

1. Prepare frozen sections, 7 to 10 microns thick, in the usual manner, 

2. Stain for two minutes in alum-hematoxylin (Harris’ method). 

3. Wash in tap water until blue, and destain rapidly in acid alcohol, dipping in and 
out five to seven times. 

4, Rinse in tap water and apply copper sulfate-zine solution for three minutes (7 Gm. 
of copper sulfate and 4 Gm. of zine sulfate dissolved in 100 c.c. of distilled water with 
the aid of heat). 

5. Pour off, and apply brilliant green solution for five minutes (0.3 Gm. of brilliant 
green dissolved in 10 ¢.c. of copper-zine sulfate mixture). Rinse in water and fortify for 
one minute with a 5 per cent aqueous solution of ammonium nitrate. 

6. Rinse in tap water and apply carbolfuchsin (Ziehl-Neelsen method) for two minutes. 

7. Rinse in tap water, blot, and apply dioxane for two minutes. 

8. Pour off, and without washing apply creosote-xylene (equal parts), changing the 
solution several times and agitating the slide for even differentiation until the baekground 
appears to be clear red with no more stain leaving the section. (This step requires about 
one minute, and it is advisable to control the differentiation under the microscope.) 

9, Clear in pure xylene for two minutes. 

10. Mount in gum dammar. 

With the use of this method, nuclei stain bluish red; gram-positive erganisms, bluish 
green; gram-negative organisms, red; monilias and actinomycetes, green; and Negri bodies, 
bright red with greenish chromatin bodies. 

All the staining solutions are stable, except the brilliant green, whieh keeps well for 


about twenty-four hours. 
UROBILINOGEN, Determination of, in Feces and Urine, Watson, C. J., and Bilden, E. 
Arch. Int. Med. 65: 740, 1941. 


Direct comparison has been made of the Sparkman and the Watson procedure for 


estimation of urobilinogen in feces and in urine. 


Sparkman’s report of higher values obtained with his technique, particularly as applied 


urine, has not been confirmed. Opposite result were noted in the present investigation. 
Reasons for this discrepancy are discussed. 

Evidence is presented which indicates the desirability of (a) obtaining an average 

per diem value for excreted urobilinogen, especially for fecal urobilinogen, Gver a period of 

several days, and (b) using a method which permits concentration of small amounts of 


urobilinogen whenever necessary because of low concentration in the sample. 


B. DYSENTERIAE (Flexner). A Tellurite Rosolic Acid Medium Selective for, Wilson, 
W. J., and Blair, E. M. McV. Brit. M. J. Oct. 11, p. 501, 1941. 

To 100 ¢.c. of melted nutrient agar cooled to 60° C. in a flask are added 0.5 ¢.c. of 

per cent rosolic acid dissolved in absolute aleohol, 1 ¢.c. of a 4 per cent watery solution 

iron alum, and finally 3 ¢.c. of a lactose-tellurite solution. The latter solution is made 


boiling 20 Gm. of lactose in 100 ¢.c, of distilled water, cooling the soiution, and then 
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dissolving in it 0.2 Gm. of potassium tellurite. It is necessary to dissolve the tellurite in 





a cold temperature, otherwise reduction occurs. This lactose-tellurite solution keeps for weeks, 






the tellurite being an effective preservative against bacteria, but not against molds. Growth 






of the latter can be prevented by the addition of 3 per cent of ether and by keeping the bottle 







tightly stoppered. 


When the contents of the flask containing the medium have been thoroughly mixed, 





they are poured out into Petri dishes and allowed to set with the lids removed. <A large 






loopful of a thick fecal emulsion in peptone water is spread over the surface of the plate 






and allowed to dry in the air. After incubation at 37° C. for eighteen hours, the pink 






colonies of Flexner’s bacillus are readily distinguished from any yellow colonies of resistant 






B. coli which may have developed. Flexner’s bacillus forms alkali, and the colony becomes 





distinctly pinkish red. In cost cases the growth can be tested at once on a slide for 







agglutination with a polyvalent Flexner agglutinating serum. 


PROTHROMBIN DEFICIENCY in Pulmonary Tuberculosis, Sheely, R. F. 
117: 1603, 1941. 
















Among 106 cases of active and chronic pulmonary tuberculosis (10.3 per cent of 


minimal, 20.6 per cent of moderately-advanced, and 69.1 per cent of far-advanced tuber 






culosis) studied in regard to the concentration of prothrombin in the blood, a significant 






deficiency of prothrombin was found in 51. 






Fifty patients had far-advanced tuberculosis, and 5 of these were receiving treatment 





with artificial pneumothorax, with resulting unsatisfactory collapse of the diseased lung. 






Two patients were undergoing re-expansion of the collapsed lung. 






‘ 


3 per cent with minimal, 60 per cent with moderately-advanced, 





Among the patients, 





and 9.6 per cent with far-advanced tuberculosis had a prothrombin concentration within the 





normal range. (A total of 68.5 per cent of those with far-advanced tuberculosis had a 






prothrombin concentration below 59 per cent of normal.) 






There was no constant relation between the prothrombin concentration and_ the 





sedimentation rate. The status as to prothrombin level appeared to coincide with the elinical 





and roentgenologic status of the majority of the patients. 






It is suggested that the prothrombin concentration should be determined in every casé 





of hemoptysis in pulmonary tuberculosis. In 4 cases of frank hemoptysis with associated 






prothrombin deficiency, the elevation of the blood prothrombin level on the administration of 





vitamin K, orally and parenterally, was a likely factor in the control of the hemoptysis. 





The significance of the prothrombin concentration in surgical procedures on patients 





with pulmonary tuberculosis must await further study. 






The prothrombin concentration in the blood of patients with tuberculosis seems to be 





related, in some way, to the toxemia resulting from the existing tuberculous infection in 








the lung. 





SULFANILAMIDE, A Simplified Method for the Estimation of Sulfapyridine and, in 
Biological Fluids, Scott, L. D. Brit. J. Exper. Path. 22: 220, 1941. 









1. (a) Stock standard of M & B 693 Dagenan. One hundred milligrams of pure 69 





dissolved in 100 e.c. of N/100 sodium hydroxide. A special preparation of 693 is supplic 






for chemical analysis by May and Baker, Ltd., Dagenham, England. 





(b) Stock standard of sulfanilamide, 100 mg. of paraaminobenzene-sulfonami 











(B.D.H.) per 100 e.c. of water. 





2. Standard solutions of 695 and sulfanilamide. Two standards are prepared 








each, 2.5 and 5 ¢.c. being diluted to 100 ¢.c. with water. One cubic centimeter equals 6,025 






and 0.05 mg. of 693 and sulfanilamide, respectively. 






3. Three per cent (by volume) hydrochloric acid. 






4. Dilution 1:10 with water of 0.5 per cent aqueous sodium nitrite solution. (The 1: 





dilution is prepared prior to the test or freshly each day.) 






5. Fifty per cent aqueous solution of urea. 





ABSTRACTS 979 


6. One per cent (by volume) alcoholic solution of dimethyl-a-naphthylamine prepared 
freshly each month from stock solution (B.D.H.), and stored in an amber ground-glass stop 
pered bottle. 

7. Diluent for colorimetry: 20 ¢.e. of water, 5 ¢.c. of 5 per cent hydrochlorie aeid, and 

¢.c. of absolute alcohol. 

S. Normal horse serum and oxalated whole blood (Burroughs Welleome & Co.). 

9. Approximately 0.25 per cent protein solution prepared by a 1:25 dilution of the horse 
serum with 0.5 per cent sodium chloride. Five to 6 drops of 10 per cent alcoholic thymol 
solution is added as preservative. 

10. Cordite tubes of uniform bore, graduated in 0.1 ¢.c. and of 5 ¢.c. capacity (diameter 
1 em., length 12.5 em.). 

Note. Solutions 1, 2, 6, 8, 9 if kept in the refrigerator are stable indefinitely. 

Procedure for Cerebrospinal Fluid.—Introduce into two test tubes (graduated at 5 ¢.c.) 


in the following order, with thorough mixing after each addition: 


Standard Test Cerebrospinal Fluid 
of standard (0.05 mg. per e.c.) ec, of cerebrospinal fluid 
of 0.25 per cent protein solution ») ce, of 8 per cent hydrochloric acid 
of 3 per cent hydrochlorie acid 


of 1:10 dilution of sodium 5 ee. of 1:10 dilution of sodium nitrite 


Stand at room temperature for five minutes. 

Add 0.5 e.c. of 50 per cent urea solution to each tube, mix well, and allow standing 
for three to five minutes longer for the urea to destroy excess of sodium nitrite. (The 
unused residual nitrous acid otherwise reacts with the dimethyl-a-naphthylamine to form a 
brownish-orange coloration that makes colorimetric comparison somewhat difficult.) 

Add 0.5 ¢.e. of 1 per cent alcoholic dimethyl-a-naphthylamine to the contents of each 
tube, and mix very thoroughly. Allow to stand for ten minutes, and then dilute both volumes 
to the 5 ¢.e. mark with the special diluent fluid. Mix again, and compare colorimetrically 
or by dilution colorimetry. 


Ss 
Calculation: cv 0.025 mg. x 100 — milligrams of sulfonamide 
per 100 ¢.c. of cerebrospinal fluid. 
Procedure for Blood Serum. 
Standard Test Serum 

of normal horse serum 20 ee, of serum 
of standard (0.025 or 0.05 mg. per » ¢.e,. of water 
¢.¢.) 
of 8 per cent hydrochloric acid o «ec, of 3 per eent hydrochlorie acid 


of 1:10 dilution of sodium. nitrite 5 «ee. of 1:10 dilution of sodium nitrite 


Stand at room temperature for five minutes. 
Note.—It should be noted that the occurrence of hemolysis renders this technique use 
it being impossible to match the colors of standard and test solution. 
Add 0.5 ¢.c. of 50 per cent urea solution to each tube, stand again for three to five 
inutes, and then add 0.5 ¢.c. of dimethyl-a-naphthylamine to the contents of both tubes. 
and allow to stand for ten minutes, after which the volumes are diluted to 5 ¢.c. with 
dilution fluid. Mix thoroughly and compare in the colorimeter or by colorimetry. 


s 
ulation: tr ™ 0.0125 or 0.025 mg. x 200 — milligrams of sulfonamide per 100 e.c. of serum. 


Procedure for Whole Blood and Lipemic or Hemolyzed Sera. 


Into a small test tube introduce 2 e.c. of water, and add 1 ¢.c. of whole blood, serum, 
lasma. After mixing well, stand for two to three minutes for plasmolysis to take place. 
2 c.c. of 15 per cent trichloracetic acid, drop by drop, with constant shaking. Finally 


» the mixture vigorously and filter it through a No. 1 5.5 em. Whatman paper. Pipette 
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2.5 c.c. of filtrate into a 5 ¢.c. graduated test tube, and add 0.5 e.c. of 1:10 dilution of sodium 
nitrite. Allow the tube to stand for five minutes at room temperature and then add 0.5 c.e. 
of urea solution, followed by 0.5 ¢.c. of aleoholie dimethyl-a-naphthylamine. 

The standard is prepared at the same time by adding 0.25 ¢.c. (with a micropipette 
of stock sulfonamide solution (100 mg. per 100 ¢.c.) to 4.75 ¢.c. of oxalated horse blood or 
horse serum as the case may be. Mix thoroughly and pipette 1 ¢.c. into 2 ¢.c. of water. The 
above procedure for the test blood is then followed in detail. 

After the addition of the coupling reagent to the standard and test solutions, thi 
colors are allowed to develop at room temperature for fifteen minutes, and are then diluted 
to 5 ec. with the following diluent: 25 ¢.c. of water, 10 e.e. of 15 per cent trichloracetii 
acid, and 5 ¢.c. of absolute alcohol. The contents of each tube are mixed well and com 
parison is made by dilution colorimetry (using the diluent just described), or by colorimetri: 
means. 

S 
Calculation: 7; : milligrams of sulfonamide per 100° c.e, 


l 
Estimation in Urine—A 1:5 dilution or a 1:10 dilution of urine is made with tu 


0.25 per cent protein solution, and 0.5 ¢.c. is taken and compared with a suitable standard 


Standard Urine 
of standard (0.025 or 0.050 mg. pe 5 ce, of 1:5 or 1:10 dilution of test urin« 
Cc.) with 0.25 per cent protein solution 
of normal control urine diluted in 0» ee. of water 
the same proportion as the test urine 
with 0.25 per cent protein solution 

Proceed as for the blood serum method. 
SQ 


Calculation: = 0.0125 or 0.025 me. x dilution of urine 200 milligrams of 


sulfonamide per 100 e.c, of urine. 


With other body fluids, such as transudates o1 exudates, treat exactly as for the blood 


serum method. 





REVIEWS 








Books and Monographs for Review should be sent direct to the Editor, 


Dr. Warren T. Vaughan, Professional Building, Richmond, Va. 








The Advancing Front of Medicine* 
A* EXCELLENT volume dealing with recent advances in all fields of medicine, prepared 


for the intelligent layman. The various chapters are elaborations of short articles 
which have recently appeared in Harper’s Magazine and elsewhere. By virtue of his many 
years of connection with The Rockefeller Foundation, Dr. Gray has developed a facility in 
understanding and presenting, in a delightful manner, information in science and in medi 
eine. Physicians will enjoy this book as much as laymen. It is up to the minute and 
completely authentic. 


Stethoscopic Heart Records+ 


HIS is a book only in the sense that it is a bound volume. The binding covers a series 
of seven Columbia single-faced records, prepared by Dr. Geckeler for student instruction 
in cardiae auscultation. The records are played on the phonograph. The auditor sits wear 
ing his stethoscope and the sounds appear to come through the stethoscope, simulating in a 
remarkable manner what one actually hears at the bedside. There is a running commentary 
deseribing what will be heard next. 
Normal heart sounds, abnormal heart sounds, murmurs, and arrhythmias are illustrated. 
The reviewer was impressed with this excellent idea for student instruction. It will 
probably also find value among those medical graduates who like to check from time to time 
on the accuraey of their work. It might be described as a very short refresher course. 
One very minor criticism is that at one point the commentator may be misunderstood 
as implying that one can tell the difference between syphilitic and rheumatic aortie valve 


diseases by the character of the murmur. 


Diseases of the Blood: 


HE book is just what it purports to be, an atlas of hematology. It is beautifully illus 

trated with many full-page color plates. The text covers not only the pathologic findings 
but also the diagnosis and treatment of the various blood dyserasias. An example of the 
thoroughness of coverage is found in Table XIX, which lists the relative cost to the patient 
per unit of various brands of liver extract. 

Hematology has developed a language of its own, and the first two chapters deal with 
terminology and definitions of hematologic terms. There follows a discussion of the origin 
and development of blood cells, and a long section presenting what is known concerning the 
normal blood and marrow constituents. ‘The major portion of the book is given over to 
blood diseases. 


The volume should be of great value to clinical pathologists and internists. 


*The Advancing Front of Medicine. By George W. Gray. Cloth, 425 pages, $3.00. 
taw-Hill Book Company, Inc., New York and London, 1941. 
7Stethoscopic Heart Records. Sounds, Murmurs and Arrhythmias. By George D. 
eler, M.D., Columbia Records, Set M600, 1941. 
tDiseases of the Blood and Atlas of Hematology. With Clinical and Hematologic De- 
tions of the Blood Diseases, Including a Section on Technic and Terminology. By Roy 
‘racke, M.D., Professor of Bacteriology, Pathology, and Laboratory Diagnosis, Emory 
ersity School of Medicine; Pathologist to the Emory University Hospital; Consultant in 
itology to the Grady Hospital and Eggleston Hospital for Children, Atlanta, Ga. Former 
tor of the Hematological Registry, American Society of Clinical Pathologists. Cloth, 
thoroughly revised, reset and enlarged. 692 pages, 54 color plates and 46 other illus- 
ms, $15.00. J. B. Lippincott Company, Philadelphia, London, Montreal, 1941. 
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Immunology* 


NE is surprised at the paucity of recent books written primarily for discussion of 
immunology. Most such volumes cover bacteriology and immunology, with major 
emphasis on the former. Sherwood’s book, therefore, stands alone. If there were a pro 
fusion of other books, it would still stand alone. This is probably the chief reason why the 
second edition appeared soon after the first. New chapters have been added, a few changes 
suggested by reviewers of the first edition have been made, and the subject has been 


brought up to date. 


The Retinat 
eae ERING much more than its title implies, The Retina is a most comprehensive review 


of anatomy of the retina and the visual pathways and the physiology of vision. The 
tremendous bibliography illustrates well the thoroughness with which the author has covered 
his subject in his ten years of investigation. Much of the contents represents original study. 
There are one hundred full-page plates. 

This volume should be of especial interest to ophthalmologists, neurologists, and phys 


ologists. For others it will serve more as a reference volume, 


Synopsis of Allergy: 

HE Synopsis of Allergy is an excellent addition to the Mosby Synopsis Series. Dr. 
Alexander has an admirable facility for compressing much knowledge into little spac 
To accomplish this he has necessarily omitted discussion of pros and cons of moot points. 
The omission of extensive references to the contributions of others makes for easier reading 
and saves much space. These references being available in other larger works on allergy, 
there is no need for their inclusion in a small book the prime function of which is to give meat. 
A few sections, especially those on serum allergy, bacterial allergy, and drug allergy 

could be elaborated upon with no great increase in size of the volume. 
A short appendix gives the desired basie information concerning preparation of ex 
tracts and methods of diagnostic study in such a way that one who has made no special 
study of allergy could carry on with the diagnosis and treatment of simple cases. More 


complicated cases would require reference to more extensive treatises on the subject. 


Allergy in Clinical Practices 


NOTHER addition to the profusion of recent books on allergy; this volume makes no 
effort to add anything basically new to the subject, and is presented with the same 
general type of approach that is followed in Medical Clinics of North America. It is pri 
marily a series of case reports from the Cleveland Clinic, designed to illustrate the advar 
tage of collaborative work with the allergist on the part of specialists in the several othe: 
fields of medicine. The outstanding sections are those on Allergic Dermatoses and Ocula 


Manifestations of Allergy. References to the literature are rather scant. 

*Immunology. By Noble P. Sherwood, Ph.D., M.D., F.A.C.P., Professor of Bacteriolog 
University of Kansas, and Pathologist to the Lawrence Memorial Hospital, Lawrence, Kan. Clot 
ed. 2, 639 pages, illustrated. $6.50. The C. V. Mosby Company, St. Louis, Mo., 1941. 

+The Retina. The Anatomy and the Histology of the Retina in Man, Ape, and Monk 
Including the Consideration of Visual Functions, the History of Physiological Optics, and t! 
Histological Laboratory Technique. By S. L. Polyak, M.D., A _ Fiftieth Anniversary Pu 
lication of the University of Chicago Press. Cloth, 607 pages, $10.00. The University 
Chicago Press, Chicago, IIl., 1941. 

tSynopsis of Allergy. By Harry L. Alexander, A.B., M.D., Professor of Clinical Me¢ 
cine, Washington University School of Medicine, St. Louis; Editor of The Journal of Aller: 
Cloth, 246 pages, illustrated, $3.00. The C. V. Mosby Company, St. Louis, Mo., 1941. 

§Allergy in Clinical Practice. By Staff-Members of the Cleveland Clinic under the dir 
tion of Russell L. Haden, M.D., F.A.C.P., Chief of the Medical Division. Edited by J. W 
rick Thomas, M.D., F.A.C.P., Chief of the Section on Allergy. Cloth, 354 pages, 92 illust: 
tions, including 14 in color. J. B. Lippincott Company, Philadelphia, Montreal, London, 19 
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